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The first English edition of Lunge’s Sulphuric Acid and 
appeared in 1879. Since that date the book has been 
revised and extended in subsequent editions until, with the 
companion volumes on Coal Tar and Avunojiia^ it extended 
to nine volumes, covering most of the heavy chemical industri€S^ 
of Jhitain. A supplementary volume on Sulphuric and Nitric 
Acids by Dr Lunge in 1917 marked the end of his long labours 
in this field, and he informed the publishers that he could no 
longer undertake the preparation of new editions. d'he*mere 
compilation of the volumes which lie wrote wqpld be in itself 
a wonderful achievement, but Dr Lunge’s place in the history 
of clicmical industry is due still more to the fa^t that he 
played a leading part* in the discoveries and improvements 
which built up the industries of which he wrote. 

► # By a curious coincidence, the end of Dr Lunge’s long* 
literary labour# came just as the processes which he*originally 
described died out. The Hargreaves process has gone, in this 
country at least ; the J^eblanc process is dying, if not actually 
dead already; even ^the chamber process for ^Iphurte acid 
has now a competitor that threatens to become a rival* 

Tife volumes written by Dr Lunge have escaped a common 
criticism of factory managers that books only an yutline 
of a manufacturing proce.ss ; indeed tjie onl4 criticism has been 
that Dr Lunge’s books gave almost too much detail. • It may, 
however, be realised how important is a dAail r^ating to a 
matter involving ^ possible saving of only one^tenth of one per 
cent, when it^^*pointecl out that this Small eednomy in fhe 
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manufacture o{ sulphuric ^id would mean i. saving of thousands 
of pounds, since^the value the^sulphuric acW manufactured^ 
annually fn Great Brita/h 'alone amoui>t;f to several million 
pounds. • 4 * 

Each* new edition of this series has been an expansion 
and extension of that which preceded it, Tuller treatment 
Ipeing accorded to subsidiar)f mlnufacturcs as they increased 
m commercial importance, until the name Sulphuric Acid 
and Alkali became a cover for what was practically an 
encyclopedia of the heavy chemical industries. 

The Jast arrangement into volumes and parts was largely 
fortuitous, having arisen from uneven growth of knowledge 
and commercial development in different branches, and as 
appeared to be a favourable opportunity for instituting 
a new arrangement, it was decided to sub-divide the work 
into sections more in accord with modern developments. The 
last fev^i years have brought with them so many changes in the 
chemfeal industries that the revision required in most of the 
volumes will involve such drastic recasting that the new edition 
will be more a new book than a revised edition. 

It is dt)ubtful if any one man could take up Dr Lunge’s 
task of describing adecpiately all the industries now dealt 
with in these volumes, and it is certain that few would care 
to attempt it. Each volume will therefore be o^ a spe(?ial^ 
subject and dealt with by a separate author ^i^ho is respon- 
sible, for that volume, and is given a wide discretion in his 
treatment of the subject. « • 

The editor trusts that these united (ffforts will produce a 
Raw edition worthy of the great trac^ition which Dr Lunge has 
e^t^blish^. V 

Tlfe editor will be pleased to consider for publication in 
this series aj?y*<naliuscrip<:s or original work on this or allied 
mbjects.* A. C. C 




AUTi^oR’s Preface 

Advantage has been taken of the opportunity afforded by 
the publication of a new and enlarged edition of Dr Lunge’s 
treatise to revise completely the section dealing mvith the 
concentration of sulphuric acid, and to issue it in the form of 
a separate volume. ^ > 

For the sake of completeness, and in order to trace the 
historical development of the subject, a short description of 
some of the earlier plants is included, but the great proportion 
of the text is composed of entirely new matter. Not only is 
a description given of all the newer and more economical 
types of plant which have been evolved by practical experience 
during the past dccadu, but the theoretical princif)lcs under- 
lying the various processes are treated in greater detail than 
^foj-rr^erly. 

The coftcei^tration of sulphuric acid was one of t^e earliest 
problems which the Chemical Engineer was called upon to 
solve during the great war of 19^4-1918, and the necessity for 
dealing with the huge quantities of weak acid* produced in 
the manufacture of explosives directed attention towards 
development of units of large capacity, iespccialjy infthe^ 
Government factories. No fundamentally^ew^ types o? plant 
were evolved, but progress followed along well-Qefined lines. ^ 
Much valuable experience and data havft been* obtained, 
however, from tl^se plants, which are deserffeed in the text. 

In conclusifrTi* the Author acknowledges, with* pleasure, the 
vii 
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co-operation and help he has received from^nany sources in the 
preparation of tfre volume. *A lafgt amount of the statistical 
information is derived froAi the Chief AlkgTi inspector’s Reports, 
and from^ the Reports of the Factories Branch of the Depart- 
ment of Explosives Supply ‘of the Miniltr}* of Munitions. 
Special thanks arc due to — IV#- Macnab for permission to 

abstract from ^ the Technical Records df Explosives Supply, 
Ministry of Munitions; Professor A. W. Porter for the tables 
and information on the Thermal properties of sulphuric acid ; 
Mr W. Q| MacKcllar, United Alkali Co., Glasgow, and Mr C. S. 
Imison, United Alkali Co., Widnes, for valuable help in the 
d^cription of the modern Kessler plant. 

JOHN WILFRID PARKES. 

Dublin, 1923. 
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THE CQNCENTRATION ,0F 

SULPHLiR'iC ACID 

% 

CHAPTER I 

INTRODUCTION 

Sulphuric acid, as obtained directly in the chambers 
from 106'' Tw. to 130'' Tw.), is concentrated sufficiently for 
many technical purposes; and where the acid is used for 
such purposes at the same works, its further concentration 
is, of course, unnecessary. This is the case, for instance, in 
several large industries having their own vitriol worlds, such 
as the manufacture of superphosphates and of sulphate of 
ammonia, 

» 

For higher strengths of acid up to 144° to i52®Tw., the 
acid f)‘om the Glover tower is employed wdierevcr possible, as 
no cost is incurred in the process of concentration in this 
tower. By diluting Glover tower acid with the requisite 
amount of chamber acid, any acid can be obtained readily of 
ji(«in|;th intermediate between 130'" and 144'' Tw. P'or^example, ' 
in the mani\cfure of sulphate of soda, eicid of 132° to 133'’ Tw. 
is employed usually when working with rock salt ; and acid 
of 138'' to 140'' Tw. wjien working with common salt (white). 
For some uses of sulphuric acid, however, the ^ acid passed 
through the Glover tower, is not suitable, and other forms of 
concentrating apparatus must be employed. 

The manner in which sulphuric acid is cgn<?entrate6 depends 
on the strength of acid desired, and on the material Gf the 
concentrating vessel. Acid up to 144'" Tw., /)T'*jeven up to 
152° Tw., acts very little upon lead, even when hot^ so long - 
as the acid has nof to be stronger than 144‘^Tw., lead vessels 
are used nearly aUvays where it cannot be made in a Glover 
tower. They offer the ac^vantage that tfle vessels ^an be made 
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of any size, and that wj;icn*they are wc^rn out the lead can 
be inelted dowc easily and M,sed pv<er again, It is not advisably 
to carry the concentratioi^ in lead pans above 144'’ Tw., because, 
beyond that poiat, the 'lead is much a^ited upon ; in no case 
can lea^ pans be used beyond 152° Tw., because the boiling 
point of ^the acid approachos ’ too nearly The temperature at 
which lead begins to soften^ and because the acid then acts 
Jioo strongly upon it (see p. 72,'‘also V^l. I., p. 224). < 

The lead pans may be constructed in various ways according 
to whether they are heated (i) by direct fire from the top 
(see p. 45), (2) from the bottom (see p. 52), (3) by steam 
(see p. 66), or (4) by the waste heat of the pyrites burners 
(see p. 5;). 

In the Glover tower it is possible to attain a higher degree 
of concentration than in the lead pans, as the leadwork is 
protected by the brick lining so as to be acted upon very 
slightly. The acid does not come directly into contact with 
the lead, but only with the lining and packing of the tower, 
and arrives at the bottom with an average temperature of 
I30°*C., so that even the bottom of the tower (which is made 
of extra heavy lead) is not acted upon sensibly. (Recently 
Glover towers have been erected entirely in acid-resisting 
brickwork.^) 

Manufacturers who work their Glover tower with hot gases 
from rich ores, and get their chamber acid up to 120 to 
130° Tw. can attain a concentration of 150 to 152' Tw., and 
' in some^cases 156 to i6o‘’ Tw. can be reached. The lafteP^s 
the exception, and always dangerous to the tdwir ; if it were 
not so, the concentration by hot kiln gas in the Glover tower 
(of course modified to soinc extent) v^^ould be the cheapest 
plan ^or the final concentration of the jicid, because then the 
escaping gases go into the chambers and arc not lost at all. 
Concentration beyond the point attained in lead parsLS or in 
Glofer towCT.is a much more difficult task, involving 
incoiAparably more expense than the first concentration, and 
requiring apparatife of special construction. For many purposes, 
howevet, ^sulphuric acid of the highest possible strength is 
essential ; Jor instance, the purification of mineral oils (petroleum, 
paraffin, etc.), and ot benzol; the refining cf gold and silver; 
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the production of ni!ro-cellulose, nitrd-glycerine, nitro-bens^ene, 
tnitro-toluene, and other nitrcf bodies'^ the production of sulphonic 
acids, and in the nrknpufacture of r*es<ffcinol and alizarine ; for 
dissolving indigo and for innumeraT^le other purposes in the 
dye industry. In many cases an acid containing 93 to 94 per 
cent. H2SO4 will iio.* For making nitro compounds especially, 
however, an acid of greater ^strength is required (96 to 97 
per cent.). For somctpurposcs an acid as nearly as possible* 
ICX) per cent. — monohydrate sulphuric acid— is required, 
and is made by adding fuming .sulphuric acid (oleum) to 
ordinary sulphuric acid. 

This is, however, another consideration which indices the 
manufacturer to incur the great expen.se and trouble of 
concentrating the acid made for .sale as highly as possible, 
even in cases where the consumer, not requiring it of such 
strength, must himself dilute before using it, namely the 
greater expense of packages and cost of transit for the same 
weight of real acid in the dilute, as compared with the 
concentrated state. 

Furthermore, in the manufacture of many chemicals •and 
explosives, large quantities of weak sulphuric acid are produced, 
which require to be concentrated before they can be used 
over again. 

Outline of the Processes used in Concentration. 

^^Concentration in Glass Retorts.~Ai first glass retorts were ' 
^ the only ava!^|b’c apparatus for the preparation of high-strength 
^ sulphuric acid, and the.se could be obtained only of comparatively 
small size and inferior quality. They were set mostly in “ galley 
furnaces,” a long double Tow of retorts being heated by a fireplace 
at one end ; thus th(^ retorts neiir the fire were much more 
heated than those more distant, and were finished much sooner, 
or even® overheated before the more distant Ibtorts l^d be^ir 
fired sufficiently. Owing to the inferior quality of the retort, 
and also to unsuitable setting (each retort wrfi ehher put into a 
metal pot with some sand between, or protected from the direct 
flame by a covering rf)f clay), there was always* much breakage, > 
combined not only^with loss of acid but also \fith the sudden 
evolution of sufifocgiting vapours. The c«fcking o£ the retorts 
was induced especially^ by ^ cold draught getting at them ; 
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since in that case the wonl<men had to save themselves instantly ^ 
from the vapoiits by leaving* the* rOom, frequently the crackingf^ 
extended to all the rei^rtk In addition? the expenditure <if 
time, wages, and^ fucl in tfiis process wai's very great, in spite of 
improved retorts and better methods of setting and working 
(see p. 7>). " 

Concentration in PlatmunP Stills . — There was always, there- 
fore, an inducement to discover some other material than glass^ 
for the concehtration of sulphuric acid. As soon as Wollaston’s 
process of welding spongy platinum into ingots and plates was 
known, platinum was employed for this purpose, in spite of its 
high price and the difficulty of manipulating it. The first 
platinum still appears to have been made in 1809 in London, 
and weighed 423 o/J Later on platinum stills weighing from 
66 lb. to 1 12 lb. were made, holding from 4 to 6 tons of vitriol. 
The platinum vessels made by Wollaston’s process were often 
porous and unsound, .so that acid oozed through ; and blisters 
and rents appeared frequently, which had to be soldered up with 
gold. < The platinum stills, therefore, gave much dissatisfaction 
until Ste.-Claire Dcvillc introduced the method of melting 
platinum in large masses by means of the oxygen blow-pipe 
in furnaces made of quicklime, by which sound ingots of 
platinum^ weighing 2 cwt. arc obtained. With the oxy-hydrogen 
flame, also, the joints could be made with platinum itself instead 
of gold. 

Platinum vessels were used extensively for the final con- 
centration of sulphuric acid, because of the case, safety, "afld 
large amount of work which could be carried oft in them, and 
because it was thought (erroneously) that they w'ould last 
indefinitely. When, however, attention was drawn to the fact 
that platinum is acted upon gradually -by sulphuric acid, and 
that thus the large capital expended on the stills not only 
^volves heavy |>ermanent charges for interest but Ifas to be 
written off gradually altogether, other forms of concentrating 
plant were <viopt€d. 

Irqpro\^d and more* economical methods of concentration 
have been developed along the following^ lines. 

Concentration in Iron Pans . — The ever-increasing cost of 
platinum and the ^ability of glass to breakage, led to the 
^ Chem. NewSy fts, 43. 
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employment of iron Vessels (1882) for the final' concentration 
of sulphuric aci<i, as cast iron resists the action of strong acid, 
although attacked iby weaker aeid|^(90 to 92 per cent. 
H^SO,). 

Co 7 icentration in Cnscude Plants. — A new method of con- 
centration was iijtrclduccd {circa 1890) by the use of porcelain 
dishes, arranged in the form of a cascade, down which acid flows, 
and is heated by a curg^nt of l 4 ot gases from a fire. This system 
was adapted particularly for concentrating the acid from lead 
evaporating pans (144'' Tw.) up to 92 to 93 per cent. H^SO^, at 
which strength it was fed into the cast iron concentrating pans. 
Improvements have been made from time to time by the intro- 
duction of porcelain and enamelled iron beakers, vitreosil 
basins, and of vessels made of acid-resisting ferrosilicon alloys 
(tantiron, ironac, narki, etc), so that the cascade system of 
concentration has found extensive application in all parts of 
the world. 

The Kessler Plant, — Many attempts were made to concentrate 
sulphuric acid by bringing hot fire gases in direct contact with 
the acid, but the proce.s.scs of Kessler (1891) and Gaillard (*906) 
have alone achieved indu.strial succcs.s. In th^. Kessler plant 
hot ga.ses from a coke producer are drawn over the surface 
of a .shallow layer of acid in a flat volvic .stone dish (tljp saturex), 
and then through a .series of superimposed trays luted with 
acid (recuperator). The weak acid to be concentrated is 
introduced into the top tray, and, passing downwards through 
tl’iJ trays to the bottom di.sh or saturex, meets the hot»gases on* 
its way. The concentration of the acid takes place in a regular 
manner throughout the system, and it leaves the saturex in a 
highly concentrated condition. T|ie system has been adopted 
universally, and is excellent for moderate output.s. * 

. The Gaillard Plant. — Gaillard introduced an entirely new 
principle in the atomising of the acid in the foj|m of a fine spray 
down an empty tower, up which hot ga.ses f»om a coke'produdbr 
are ascending. Under thc.se conditions, t^c contact beWeen 
the acid and the hot gases is as hitimatc as* possible, and 
concentration takes place regularly throughout the tdwer, so 
that the acid arrives at the bottom of the^appj^ratus in a 
highly concentrate condition, and the gases, which enter the 
base at a red heat, are freduced considerably in ' temperature 
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when they leave the top tfie tower. Tfie system has found 
extensive application for the* prodwction of lai^e quantities of 
strong acid, and especiajiy for the conc(jnlration of the wast» 
acids from the mamufactur^ of explosives*. 

Various modifications of the Kessler and Gaillard plants 
have been iriade, and these wifi be descrifced^ subsequently in 
the text, together with other a^^jparatus of special construction. 



CHAPTER II 

TIIK rUOrKRTIES OF ORDINARY CONCENTRATED 
SULl'HURIC ACID 

The strongest acid obtainable by boiling down ordinary pure 
sulphuric acid contains a quantity of water, which is not stated 
alike by different observers (Marignac, Pfaiindlcr, Roscoe, 
Dittmar, Lunge, and Naef, etc.). The statements vary from 
97-86 to 98-99 per cent. II^S04, but Lunge’s figure of 98-3 
per cent, is usually accepted as correct. This distilled sulphuric 
acid solidifies a little below o'" ; but it shows superfusion in 
a very high degree. It boils at 338'’ (Marignac); 315^10317® 
(Pfaundler and Polt) ; but the latter figure is considered unreliable, 
and the acid probably contained a little more v^ater. If boiled 
at atmospheric or lower pres.sures, the acid bumps violently, 
which can be avoided by putting in bits of platinum wire or 
foil ; or, according to Diitmar, still better by conducting a slow 
current of air through it during the boiling. This acid of 98-3 
per cent, is an acid of maximum boiling point (330°), as shown 
Kjnietsch ^ ; below this water or dilute sulphuric ac^ ; above 
this sulphur\: anhydride is volatilised, until, in cither case, the 
constantly-boiling acid of 98-3 per cent, is reached. The vapour 
pressure measured at, 100° in a vacuum is zero; the specific 
gravity is at its maximum ; the electrical resi.staftce begins to 
increase .sharply at this point’ towards a maximum reached 
at appcoximatcly 100 per cent. H.^S04, connection with 

this the action upon iron decrea.scs, which is of great iihportaifLe 
for the durability of plant. Knietsch has shown also that acid 
of this strength absorbs sulphuric •anhydrid® ' vapours very 
readily ; a fact of which great use is made in the preparation 
of oleum by the &ntact process. Recently the thermal data 
obtained by Knietech has been subjected to a critical examination 
Ber .^ 1901, p. 4089. 
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by A. W. Porter/ and found to be unreliable, so that some 
doubt has beeti cast on tiie efitfre accuracy of his results, 
although his general coiclifsions are pra^bltbly quite correct. » 
The oxdmKvy*^ rectified*oil of vitriol'* usually contains more 
water thi^.n the acid of maximum boilfng-point. Very occasion- 
ally 98 per cent, is made, but the ordifiary rectified O.V. 
generally termed “ 168” Tw.” \^ries in strength from 96 to 92 



STRENGTH AS %AGE OF * ( 


Fig. I. — Boiling-Points of Sulphuric Acid at Various Strengths under a 

Barometric Pressure of 750 mm. (after Knielsch). 

« • 

• • 

per cent. This variation is caused partly by the fact that at 
higher degrees of concentration a slight difference in specific 
cc^responAs to a great difference in percentage ; partly 
also because the specific gravity of commercial acids, owing 
to the preseiTte^ of* impiyities, is always higher than that of 
the pura aciS. It should also be observed that the correctness 
of ordinary hydroftieters is rarely of a high order of accuracy. 
The Tw&ddeK hydrometer employed almost exclusively in 
c 

* ‘ Trans. Faraday Soc,^ 1918 . 
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England is based o?i the system that is equivalent to a 
difference in density of o-t)C5. *011 the CoiTtinent and in 
America, Baum^’s fiydrometer is ifse 4 almost universally, but 
unfortunately the degrees of t.his *instrumeftt, as stated by 
various authorities, answef to very different specific gravities. 
The rational hydrometer is graduated (v¥ater = i) 

according to the formula — 

Density 

144.3 

where ;/ signifies the degree of the scale corresponding to it. 
This scale is adopted generally in France and Germany. In 
the United States, .still another .scale has been adopted and 
legalised by the Bureau of Standards (Circular No. 59.13. 1916) 
ba.scd on the formula — 

n (Degrees Baiime) -- 145 - — 1 -^ 3 - 
Density 

Tables of compari.son of the three .systems are gi>»en on 
)age 10. 

The percentage of mixtures of sulphuric acid^ind water is in 
the great majority of ca.scs tested by the hydrometer only, 
and many tables have been constructed for this piq^po.se, the 
mo.st important being tlto.se of Lunge and Isler,* for strengths 
up to 142° Tw., and also of Lunge and Naef,^ Pickering,^ 
Worden,-* Mendelejeff,*’ Sidensky,^' Holler and Pfeffer.^ 

* An elaborate inve.stigation on the density of » aqueous 
solutions of \ulphuric acid has been madg by Domke and 
Bein on behalf of the Normalcichungs Kommission at Berlin,® 
from which the tables on pages it, 12, 13, and 14 have been 
prepared. . * 

' Z. angew, Chem.^ 1890, p. 129; /. Soc. Chem, hid. {Abstr.\%\%(yi^ 

p. 501. 

^ Chem. Ind., 1883, p. 37. 

^ J. Chem. Soc., 67 , 64 et seq. 

* J. Soc. Chem. Ind., 1905, pp. 178 ei seq. * 

^ Z.physik. Chem., 1887, p. 273. 

® Ann. Chiin. anal., 1916, p. 197 ; Chem. Abstracts, 1^16, p. 3'io. 

' J. Amer. Chem. Soc., 1916, p. 1021 ; /. Soc. Chem. ind. (Abstr.), 1916, 
p. 692. 

® Z. anorg. Chem., 1905, 48 , j 25-181. 
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Specific Gravities of Sulphuric Acid, 



Degrees 

Twaddell. 

r- 

Spc^cillc 
gravity 
d 1574 . 

•-H r 

• partH by weight 
• contain 

0 

* 

tvilos ir.so 

1 cubic foot of acid 

• 



SO... 

t 

11.40,. 

per liti I-. 

woigliH 
lb. avoir. 

• (’ontaiiiH 
lb. 

• 


1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

n 

H 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 * 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

1-005 

I-OIO 

1015 

I 020 

1-02 5 
1-030 

I 035 

1-040 

1-045 

1-050 

I -055 

I -060 
1-065 
1-070 
i '075 
1-080 
1-085 
1-090 
1-095 
i-roo 
1-105 
i-i 10 

MIS 

M 20 

1125 

M30 

M 35 

I- 140 

I-I 45 

M50 

1-165 

M70 

I-I 75 

I -180 
1-185 
M90 

M95 

I«200 

1-205 

I- 2 I 0 

1-215 

1-220 

1-225 

1-230 

1235 

1-240 
1-245 ^ 

1-250 
1-255 

0- 60 
1028 

1- 89 
2.48 
3-10 

3 - 70 

4 - 31 
4-90 

5'49 

6- 08 
6-66 

7- 24 

7- 81 

8 - .)9 

8- 96 

9 - 53 

10- 09 

10- 65 

11- 21 

11- 76 

12- 32 

12- 86 

13- 40 

13 - 95 

14- 49 

1 5 - 03 * 

15- 56 

16- 09 

16- 62 

17- 15 

17- 67 

18- 19 

18- 72 

19- 24 

1 9 - i 5 

20- 27 
2 ( 5-78 

21- 29 

21- 8l 

22- 31 
22-82 

2317 

2382 

24-32 

24- 82 

25- 32 
*25-81 

26- 30 
’ 26-79 

27.28 
2^.77 • 

084 

•i -57 

2.31 

304 

3 - 79 

4 - 53 

5 - 27 

6- 00 

6- 72 

7 - 44 

8- 15 
8-86 

9- 56 

10- 26 

10- 96 

11- 66 

12 - 35 

13- 03 

13- 71 

14- 39 

15- 07 

15-73 

1640 

17.07 

17-73 

18.39 

19- 04 
19.69 

20 - 34 

20- 98 

21- 62 

22- 26 

22- 90 

23- 54 

24- 17 . 

24- 80 

25- 43 

. 26.05 
2668 
27.30 
27.92 

28 - 53 

29- 15 

29.76 

30- 37 

30- 98 

31- 58 

32- 18 

32- 78 

33- 38 
33-98 

0(X)84 

0-0159 

0-0234 

0-0310 

0-0388 

0-0467 

0-0546 

00624 

0-0702 

0-0781 

o-o86o 

0-0939 

0-1018 

0- 1098 

0-1 1 78 
0-1259 
0-1340 
0-1420 

O.I50I 

0-1583 

0-1665 

0-1746 

0-1829 

0-1912 

0-1995 

0-2078 

0-2161 

0-2245 

0.2329 

0-2413 

0.2497 

0-2582 

0.2668 

0-2754 

0-2840 

0.2926 

0-3013 

0.3100 
0.3188 
0.3278 
0-3364 . 

0-3452 
0-3542 • 

•-3631 

0.3720 

0.3810 

0.3900 

0-3990 

o-4oji 

0.4172 

0.^264 

62.74 

63.05 

63^7 

63.68 - 

6399 

64.30 

64-61 

64- 93 

65.24 

65- 55 

65- 86 

66- 1 8 
66-49 
66-8o 
67.11 
67.42 
67.74 
68-05 
68.36 

68- 67 
68.98 
( 39-30 

69- 61 
69.92 

70- 23 ^ 

70 - 55 
70-86 

71- 17 
71.48 

71- 79 

72- 11 
7242 

72 - 73 

73 - 04 
73-35 
73 - 6 r 
73 - 9 « 
74.29 
74.60 

f 74-92 

75- 23 ' 

75 54 
7 .V «5 

76- 48 

« 76-79 I* 

77 - 10 

^7.41 • 

77-72 

78.04 

7835 

0-53 

0- 99 

1- 46 

1 - 94 

2- 42 

2- 91 

3 - 40 

3- 90 

4- 38 

4- 88 

5 - 37 
5-86 

6- 36 
6-86 

7- 36 
7-86 

8 - 37 
,8-87 

9 - 37 
9-88 

10*40 

10- 90 

11- 42 

11 - 93 

12 - 45 

12 - 97 

13 - 49 

14- 01 
14.54 
15.06 

’ > 5-59 
16-12 

16- 66 

17- 19 
17-73 

18.27 

18.81 

19-35 

19.90 

, 20-45 
' 21-00* 
2^55 
22-11 

22- 67 
.23-23 

23- 79 

24- 35 

24.91 

25.48 

2605 

26-62 

• 
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Specific Gravities'cf Sulphuric Act’d — continued. 


Degrees 

Twaddftll. 

c 

Speciiic 4 
gravity 

d Vfilfi'. 

- . 

100 by weight 

TO^taiti 

. •' 

Kilos*n.jS04 

1 cubic foot of acid | 

SO3. 

C 

^ per litre. 

f 

weighs 
lb. avoir. 

ut 

contains 
lb. H2SO4. 

52 

1-260 

28-25 

34-57# 

0-4356 

78-66 

27-19 

S3 

1-265 

28-74 

35-17 

0-4419 

78-97 

27-77 

54 

1-170 

29-23 

35-76 

0-4515 

79-29 

28-35 

55 

•I-27S 

29.71 

36-35 

0-4635 

79-60 

28-93 

56 

1-280 

30-19 

36-94 

0-4728 

79-91 

29-52 

57 

1-285 

30-67 

37-52 

0-4821 

80-22 

30.10 

5« 

1-290 

31-14 

38-10 

0-4919 

80-53 

30-68 

59 

1-295 

3161 

38.68 

0-5009 

8085 

31-27 

&) 

1-300 

32-08 

39-25 

0-5102 

81-16 

31-85 

61 

1-305 

32-56 

39-83 

0-5198 

81-47 

32-45 

62 

1-310 

33-02 

40-40 

0-5292 

81-78 

33-04 

63 

1-315 

3348 

40-97 

0-5388 

8209 

33-63 

64 

1-320 

33-94 

41-53 

0-5482 

82.41 

34-22 

65 

1-325 

34-40 

42-09 

0-5577 

82-72 

34-82 

66 

I 330 

34-86 

42.65 

0-5672 

83-03 

35-41 

67 

1-335 

35-31 

43.20 

0-5767 

83-34 

36.00 

68 

1.340 

35-76 

43-75 

O-58C2 

83.66 

36-60 

69 * 

1-345 

36-21 

44-30 

0-5958 

83-97 

37-20 

70 

1-350 

36.66 

44-85 

0-6055 

84.28 

37.80 

7 ^ 

1-355 

37-10 

45-39 

0-6150 

84-59 

38.40 

72 

1-360 

37-54 

45-93 

0-6246 

84.90 

39-00 

73 

1-365 

37-97 

46.46 

0-6342 

85-22 

39-59 

74 

1-370 

38.40 

46-99 

0-6438 

85-53 

40.19 

75 

1-375 

38-84 

47-52 

0-6534 

85-84 

40.79 

76 

* 1.380 

39-26 

48-04 

06629 

86-15 

41-39 

77 

1-385 

39-69 

48-56 

<5-6726 

86-47 

41.99 

78 

1-390 

40-10 

49-07 

0-6821 

86-78 

42.58 

79 

1-395 

40.53 

49-59 

0-6918 

87.09 

43-19 

80 

1.400 

40-95 

50.10 

0-7014 

87.40 

43-79 

81 

1.405 

41-36 

50-61 

0-71 11 

87.71 

44-39 

82 • 

1.410 

41.78 

51-12 

0-7208 


45-00 

83 

1.415 

42-89 

51-62 

0-7304 

88.^ 

45-60 

84 

1-420 

42-60 

52-12 

0-7401 

88.65 

46.20 

85 

1-425 

43-01 

5262 

0-7498 

88.96 

46.81 

86 

1.430 

43-41 

, 53-n 

01595 

89.27 

47.41 

87* 

i«435 

43-81 

53-60 

0-7692 

89.59 

48-02 

88 

1-440 

44-21 

5409 

0.7759 

89.90 

48.63 

89 

1-445 

44-61 

54-58 . 

0-7887 

90-21 

49.24 


1.450 

45-00 

55-06 

0-7984 

90-52 

49.84 

9 * 1 

1-455 ^ 

45-39 

55-54 

0-8081 

90-84 

50-45 

• 92 

1.460 

. 45-79 

56.02 

0-8179 

91.15 

Si-06 

9 f 

1.465 

46.18 

56.50 

08277 

91.46 

51-67 

94 

i'4?o 

• 46-56 

56-97 

08375 

91.77 

52-28 

95 

<- 475 v 

46.95* 

57-44 

0-8472 

92.08 

52.89 

96 • 

1.480 

47-33 

57-91 

0-8571 

92.40 

53-51 

97 

» 1-485 • 

47-71 

58-38 

0-8669^ 

92.71 

54.12 

98 

1.490 

48.10 

58.85 

0-8769 

93-02 

54-74 

99 

• 1 - 49 ^ 

48.48 

59-32 

0-8868 

93-33 

55-36 

100 

1.500 

48-86 

59-78 

0 

60 

i 

93-64 

55-98 

lOI 

^-505 

49-23 

60-24 

. 0-9066 

93-96 

56.60 

102 

1-510 

49-^1 

60.70 

0-91^ 

94.27 

57.22 
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•13 


® 1#(1 parts by weight * 

^ contain 

• 



• 

1 


4299 

-f— - 

g 6 i-i 6 

5«-35 

6 i- 6 i 

50-73 

6207 

5*-io 

62-52 

5*-47 

62-97 

5 i-i >3 

63-42 

52-20 

63-87 

5256 

64-31 

52-92 

64-75 

53-28 

65-19 

53-64 

65-63 

54-01 

66-08 

54-37 

6652 

54 73 

66-96 

55-09 

67.40 

55-44 

67-83 

55-79 

68-26 

56-14 

68-69 

56-49 

69. 1 2 

56-84 

69-55 

57-19 

69-98 

57-46 

70.41 

57-89 

70-83 

58-25 

71 27 

58.60 

71.70 

58.9s 

7213 

59-30 

72-55 

59-64 

72-97 

59-99 

73-40 

60-33 

73-82 

60.68 

74-24 

61-02 

7466 

6 i -37 

7509 

61.71 

75 - 5 * 

6^6 

75 - 93 # 

62.41 

7636 

82.75 

76-:78 

6310 , 

77-21 

03-45 

77-63 

63.80 

78-06 

64-15 

7849 

64-50 

78.92 

64-85 

79-35 

65-21 

79-79 • 

65-57 

80.23 

• 65-94 

80-68 

66.31 

81-14 

66-69 

81-60 

67-oi 

82-07 

67.46. 

82-54 

^ 7-85 

83-02 


Degrees 
T wad dell. 


103 

104 

^05 

106 

107 

108 

109 

no 

111 

112 

113 

1 14 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

1 28 

129 

130 

131 

152 

133 

134 

135 

136 

137 

138 

139 

140 

141, 

142* 

*43 

144 

*45 

146 

*47 

148 

149 

150 

151 

152 

*53 


Specific 
gravity 
d 1074°. 


*• 5*5 

1-520 

*■525 

*•5.30 

*■535 

1-540 

*•545 

*•550 

*•555 

i-S(>o 

*•565 

1*570 

*•575 

1-5S0 

i- 5 (/j 

1*595 

1-600 

1-605 

i- 6 fo 

1-615 

1-620 

1-625 

1-6^0 

*•*335 

1-640 

*■645 

1.650 

*•655 

1-660 

*•675 

1-6S0 

1-685 

1-690 

1-695 

1700 

*•705 

1-710 

*• 7*5 

1-720 

*-725 

1.730 

*•735 

1-740 

*745 
*750 
*•755 
1-760 ' 
1-765 


per litre. 


0-9266 

0-9365 

0-9466 

09566 

0-9666 

09767 

0-9868 

0 - 9968 
I -0069 
10170 

1 - 027 1 

*•0375 

1-0477 

1 0580 
1-0683 
1-0785 
I -0887 
1-0990 
1-1094 
1-1198 
1-1302 
1-1406 
1-1510 
1-1617 

1*723 

1-1829 

*•*934 
I -2040 
1-2148 
*.2254 
1-2361 
1 -2468 
1.2578 ' 
1-2686 
*-2794 
1-2905 

1 - 30*4 

1-3126 

1-3236 

1-3348 

1 . 3461 . 

*•3574 

I.3688* 

1-3804 

1-3920 

1-4038 

*• 4*59 

1-4280 

1-4403 

1-4527 

4*4653 


• 1 cubic foot of acid 

• 


weighs 

• contains 

lb, avoir. 

• 

lb. H3S04. 

94-58 

S 7'«5 , 

94-89 

58-46 

i ) f 2 \ 

59-09 

95-52* 

59-72 

95-83 

60.34 

96-14 

60-97 

96-45 

61-60 

96-77 

62-23 

97 -oS 

62-86 


97-39 

97 - 70 

98 - 01 

98-33 

98-64 

98 - 95 

99 - 26 
99-58 
99-89 
100-20 
100-51 
100-82 
10 M 4 

* 01-45 

ioi.;6 

102-07 * 

102.38 

102.70 

* 03-01 

* 03-32 

*0363 

* 03-95 

104-26 

* 04-57 

104-88 

* 05.19 

* 05 - 5 * 

105.82 

106-13 

106.44 

'* 06-75 J 

107.07 
*07.38 
*<i 7-69 
•108-00 
108-32 

108- 63 
*08.94 

^ 09 - 2 ? 

*09-56 

109 - ^ 

110- 19 


64-12 

64 - 77 

65 - 41 
6605 

66 - 69 

67 - 33 

6797 

• 68-61 

69-26 

6 (^ 9 * 

70.56 

71-21 

71-86 

72.52 

73-*9 

73 - 85 

74 - 5 * 

75 - *7 

75 - 84 

76 - 50 

77 - 17 

77.84 

78.52 
79-20 

79-87 

*^ 0.56 

81.25 

81.94 

82.63 
^ 3 - 33 ,, 
84.04 
54-74 
85.45 
86.18 
86.90 

87.64 

88 - 39 

89 - 15 

89.92 

90.69 

91.48 
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Specific Gravities of Sulphuric Acid — continued. 

- t I 


u 

Degrees 

Twaddell. 

«i 

Si)eciflc 

gravity 

rfl 5 V 4 “. 

f 

100 parts by wilight 
contain 

Kilos 112^04 
per litre. 

1 cubic foot of acid 

SO,. 

Vt.^so4. 

K 

L 

weighs 

11). avoir. 

contains 
lb. H2SO4. 

154 

. 1770 

68-24 

8350 

1-4779 

110-50 

92-27 

155 

1775 

68-68 

84-03 

1-4915 

1 10-81 

93-12 

156 

1780 

69-11 

84.56 

1-5052 

II 1 -I 2 

93-97 

157 

1785 

69-57 

8512 

1-5194 

1 1 1-44 

94-86 

158 

1790 

70-03 

85-69 

1-5338 

ni -75 

95-76 

159 

1795 

70-53 

86-30 

I -5491 

112-06 

96-71 

160 

i-8oo 

7104 

86-92 

1-5646 

112-37 

97-67 

161 

1-805 

71-60 

87-61 

1-5814 

112-69 

98.72 

162 

i-8io 

72 21 

88-35 

I.5991 

ii3‘00 

99-83 

163 

1-815 

72-87 

89-16 

1-6182 

1 13-310 

101-03 

164 

1-820 

73-59 

90-04 

1-6387 

11362 

102-31 


Specific Gravities of Solutions containing above 90 per cent, 
of Sulphuric Acid. 


Per cent. tl2S()4 

91 

92 

93 

94 

95 

«i 

Density d 1 574° 

1-8248 

1-8293 

1-8331 

1-836/ 

• » 

1-8388 

Per cent. IIaS04 

96 

97 

98-' 

i 

99 

100 

Density d 1574° 

^.8406 

1-8466 

1-8411 

1-8393 

1 

^•8357 


A cprreltion for any deviation of the temperature from 15® 
must be wade whenever the acid tested the hydrometer is 
above or below that temperature. The following figures are 
taken from^a table in Lunge’s Technical Cpemists' Handbook 
(1913). Mean figures only are givdn bejow; for each degree 
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above or below 15° ^dd or subtract /rom the specific gravity 
observed. • • • •• 

With acids up 1*170 (*34 Tw. o*ooo6. 

„ from 1*130 to 1*^50 ( 34 to 90” ) - 0 0007.^^ 

„ I,, 1.450 „ ?i5§o( 90 „ 116”) - o-oooj. 

„ • „ 1-580 „ i*7!o(ii6 „ 1500 ~ 0*0009. 

,, V, 1750 y# 1-840(150 „ 169”)- oooio. 

The subjoined tables have been approved and adopted as 
standard (23rd June 1904), by the Manufacturing Chemists 
Association of the United States. 

The chemists responsible for the work were W. C. Ferguson 
and H. P. Talbot. The freezing - points assigned were 
calculated from Pickering’s results.^ 

Specific gravity determinations were made at 60° F., com- 
pared with water at 60° 1 ". From the specific gravities, the 
corresponding degrees Baumt^ were calculated by the following 
formula — 


Baumc 145 - — 

sp. gr. 

Baumc hydrometers for use with this table ’must be 
graduated by the prccecling formula, which formula should 
always be printed on the scale. 

^66^ Baume = .sp. gr. 1*8354. One cubic foot of water at ^ 
F. weighs. ^*37 lb. avoirdupois. Atomic weights from 
F. W. Clark’s table of 1901, standard — 


0 1 6.* H.,S04 = foo per cent. 



ysSuC 

o.v. 

60 " Be. 

o.v. . 

93.16 

100*00 

119*08 

60° 

77*67 

• 

CO 

100*00 

50^ . . 

62*18 

66*72 . 

§0*06 


• * ^ 

Acids stronger than 60” Be. should have Uieir percentage 
compositions determined by chemical analysis. 


* J. Ckem, Soc.^ 67 , 363. 
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Sp. Gr. 

r 

0 e 

Per coi/.. 
I*>o04. 

0 

Weight 

1 cu. ft. 
ill lbs. Av. 

Per cell! . 

r 

Pounds 

O.V. 

in 1 cu. ft. 

Freezing 
(Melting) 0 
Point. 

0 

^i-oooo 

0-0 

0-00 

,62-37 ' 

0-00 

0-00 

32-0° 

I 

ifOo69 

1-4 

1-02 

62-80 

l-O^" 

0-68 

31-2 „ 

2 

1-0140 

2-8 

2-08 

63-24 

2-23 

' 1-41 

30-5 M 

3 

1 - 02 II 

4-2 

3-13 

63-69 

3-36 

2-14 

29-8 „ 

4 

1-0284 

5-7 

4-21 

64 14 

i :52 

2-90 

28-9 „ ' 

5 

1-0357 

7-1 

5-28 

64-60 

5-67 

3-66 

28-1 „ 

6 

1-0432 

8-6 

6-37 

65-06 

6-84 

4-45 

27.2 „ 

7 

1-0507 

10-1 

7-45 

65-53 

7-99 

5-24 

26-3 » 

8 

1-0584 

11-7 

8-55 

66-01 

9-17 

606 

25-1 M 

9 

1-0662 

13-2 

9-66 

66-50 

10-37 

6-89 

24-0 „ 

10 

1-0741 

14-8 

10-77 

66-99 

11-56 

7-74 

22-8 „ 

11 

1-0821 

16-4 

11 -89 

67-49 

12-76 

8-6 1 

21-5 M 

12 

1-0902 

i8-o 

13-01 

68-00 

13-96 

9.49 

20-0 „ 

13 

1-0985 

19-7 

14-13 

68-51 

15-16 

10-39 

18-3 » 

14 

1-1069 

21-4 

15-25 

69-04 

16-36 

11-30 

16-6 „ 

15 

1-1154 

23-1 

16-38 

69-57 

17-58 

12-23 

14-7 n 

i6 

1-1240 

24-8 

17-53 

70-10 

18-81 

13-19 

12-6 „ 

17 

1-1328 

26-6 

18-71 

70-65 

20-08 

14-18 

10-2 „ 

i8 

1-1417 

28-3 

19-89 

71-21 

21-34 

15-20 

7-7 M 

19 

1-1508 

30-2 

21-07 

71-78 

22-61 

16-23 

4-8 „ 

20 

i-i6oo 

32-0 

22-25 

72-35 

23-87 

17-27 

+ 1-6 ,, 

21 ' 

1-1694 

33-9 

23-43 

72-94 

25-14 

18-34 

- 1-8 n 

2? 

1-1789 

35-8 

24-61 

73-53 

26-41 

19.42 

- 6-0 „ 

23 

1-1885 

37-7 

25-81 

74-13 

27-69 

20-53 

-11 i> 

24 

1-1983 

- 39-7 

27-03 

74-74 

29-00 

21-68 

- 16 „ 

25 

1-2083 

41-7 

28-28 

75-36 

30-34 

22-87 

-23 p 

26 

1-2185 

43-7 

29-53 

76-00 

31-69 

24-08 

-30 „ 

27 

V2288 

45-8 

30-79 

76-64 

33-04 

25-32 

-39 M 

28 

1-2393 

47-9 

32-05 

77-30 

, 34-39 

26-58 

- 49 p 

29 

1-2500 

50-0 

33-33 

77-96 

35-76 

27-88 

-61 „ 

30 

1-2609 

52-2 

34-63 

78-64 

37-16 

29-22 

~ 73 p 

31 

1-2719 

54-4 

35-93 

79-33 

38-55 

30-58 

-82 „ 

32 

1-2832 

56-6 

37-26 

80-03 

39-98 

32-00 

“ 96 p 

33 

^1-2946 

58-9 

38-58 

80-74 

41-40 

33-42 

- 9V ,r 

34 

1-3063 

61-3 

39-92 

81-47 

42-83 

3 ’ 4-90 

- 91 p ' 

35 

1-3182 

63-6 

41-27 

82-22 

44-28 

36-41 

-81 „ 

36 

1-3303 

66-1 

42-63 

82-97 

45-74 

37-95 

-70 p 

37 

1-3426 

68-5 

43-99 

83-74 

47-20 

39-53 

- 60 „ 

38 

I- 355 I 

71-0 

45 - 3 » 

84-52 

1^8-66 

41-13 

-53 p 

39 ‘ 

1-3679 

73-6 

46-72 

85-32 

5 q-i 3 

42-77 

-47 p 

40 

1-3810 

76-2 

48-10 

. 86-13 

51-61 

44-45 

-41 p 

4 ( 

1-3942 

78-8 

49-47 

se-^C) 

53 -o 8 

46-16 

-35 p 

42 

1-4078 

* 81-6 

50-87 

87-80 

54-58 

47.92 

*31 » 

‘ 43 

•;-42i6 

84-3 1 

52-26 

88-67 

56-07 

49.72 

-27 p 

44 «f 

1-4356 

8;-i 1 

53-66 

89-54 

57-58 

51-46 

-23 p 

45 

1-4500 

90-0 

55-07 

90-44 

59-09 

53-44 

- 20 „ 

46 

1-4646* 1 

92-9 ■ 

56-48 

91-35 

60'6o 

55-36 

-14 1. 

47 

1-4796 ! 

‘ 95-9 I 

57-90 

92-28 

62-13 

57-33 

-15 p 

48 * 

.1-4948 

99-0 

59-32 

93-23 

63-65 

59-34 

-18 „ 

49 

1-5104 

*102-1 

60-75 

94-20 


61-40 

-22 „ 

50 

1-4263 , 

1 105-3 1 

62-18 

95-20 

66-72 

63-52 

-27 p 

51 

1-5426 

108-5 

63-66 

96-21 

68.31, 

65.72 

“33 » 

53 

i-SSpi 

III-8* 

65-13 

97-24 

-• 

69-89 , 

67.96 

“39 M 
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Bp. Or. 

-j 

1 

Tw.” 

I’cr cent. 
4 I;^S 04 . 

_# 

Weight* 

1 cu. ft., 
in iba. Av. 

• 

#«r cent. 

1 O.V. 

Pounds 

in*l c-u. ft. 

Freezing 
(Melting) 
Point. ^ 

53 

•1-5761 

115*2# 

■ 

6663 

^■40 

71*50 

70-28 

--49 F. 

54 

1*5934 

i# 8.7 

68-13 

99*^8 

73*11 

72-66 

• 59 M 

55 

I-6III 

122-2 

69-65 

100-48 

74*74 

75*10 


56 

1-6292 

125-8 

71*17 

Joi-Oi 

76-37 

77.60 

* M 

57 . 

1-6477 

129*5 

•72-75 

* 02-77 

78-07 

80-23 

If 

58 

1-6667 

133*3 

74*36 

103*95 

79*79 

82.95“ 

* n 

59 

I -6860 

137*2 

75*99 

105-16 

81-54 

85*75 

' - 7 n 

60 

1*7059 

141-2 

77*67 

106-40 

83*35 

88-68 

+ 12-6 „ 

61 

1-7262 

145*2 

79*43 

107-66 

85*23 

91*76 

27*3 M 

62 

1*7470 

149*4 

81-30 

108-96 

87-24 

95.06 

39*1 M 

63 

1-7683 

153*7 

83*34 

110-29 

89*43 

98-63 • 

46-1 M 

.64 

I- 790 I 

158-0 

85-66 

111-65 

91-92 

102-63 

46.4 „ 

64 i 

1*7957 

159*1 

86-33 

112-00 

92-64 

103*75 

43*6 „ 

64 i. 

I- 8 oI 2 

i6o-2 

87-04 

112-34 

93*40 

104-93 

41*1 M 


l-8o68 

i6i-4 

87-81 

112-69 

94*23 

106-19 

37*9 ». 

65 

• 1-8125 

162-5 

88-65 

113*05 

95*13 

107*54 

33*1 n 

65 i 

1-8182 

163-6 

89*55 

113*40 

96-10 

108-97 

24-6 „ 


1-8239 

164-8 

90-60 

113*76 

97-22 

1 10-60 

13*4 1. 

65 ^ 

1-8297 

165*9 

91-80 

114-12 

98.51 

112-42 

- I M 

66 

1*8354 

167-1 

9.3*19 

114-47 

100-00 

114-47 

-29 P 


* Bolow -40. 


Allowance for Temperature. Approximate Boiling-Points. 


At 

10'' 

Be. 0 029" BO. 

or 0-00023 gr- -- 1° F. 

50° 

Be-. 295“ F 


20“ 

n 0-036' „ 

0-00034 „ - 1° „ 

60“ 

M 38^ „ 

n 

30'’ 

M 0-035“ n 

0-00039 * M 1” „ 

61“ 

„ 400“ „ 

n 

40° 

n 0-031" „ 

0-00041 „ = 1“ „ 

62“ 

n 415" » 

M 

50° 

„ 0-028“ ,, 

0.00045 n = l" M 

63° 

n 432" M 

):• 

60° 

•„ 0-026“ „ 

0-00053 „ :=: 1“ „ 

64“ 

M 451'’^. 

n 

63' 

„ 0-026“ f 

0-00057 „ = 1' „ 

65“ 

M 485'’ .. 

H 

66'’ 

„ 0-0235“ .. 

0-00054 M - 1° n 

,66" 

n 538'’ M 


Influence of Impurities on the Density of Aqueoi:£s 
Sulphuric Acid. 

The specific gravities given in all tables refer oniy to purt^ 
acid, and cannot be accepted as quite correct for the ordinary 
acid of trade, which always contains injpuritres. ^ ^ 

The effect of the presence of arsenic trioxide has been 
examined by R. •Kisling.^ The specific gravities of two 
commercial acid. s,, A and B, were observed •at •15'" C., and 

^ Chem. Ind^ 1886, p. 137. 

® B 
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caicuiaied for water at 4"" C. and the vacuum, in order to be 
comparable with Lunge’s aild Nicef’s figures foi* pure acid. 


Hp. Ur. 
at 15*. 

A. 

HihS 04 

per 

cent. 

AHo( );, 
p.if 

cent. 

Sp. (ir. 
at 15*. 

' B. 

« 

0U.W()4 

per 

ceiij,. 

' 

< 

■ 1 

AaJ );, 
p."r ■ 
cent. 

t 

Turc Acid (liunj-f 

Sf. Or. at j 
in tlie 
vacuuiii. 

and Naef). 

1I.,S04 

per 

cent. 

1*8377 

. 1 . 

0-137 

1.8367 

93*82 

0024 

1*833 

92-75 

1.8387 


0*137 

1-8372 

93*67 

0-035 

1*8.34 

93-05 

1-8303 

92-87 

0-192 

1-8373 

93-12 

0-028 

I 1*835 

93-43 

1-8400 

93.28 

0-258 

1-8384 

93-72 

0-037 : 

I 1-836 

93-80 

1-8412 

94*25 

0-219 

1-8386 

93-96 

0-037 : 

j 1*837 

94-20 

1-8413 

93-60 

0-254 

1-8388 

94*04 

0-039 i 

1 1-838 

94-60 

1-8414 

93*93 

0-231 



... i 

1 1*839 

95-00 

1-8415 

93*77 

0-231 



... 

j 1-840 

95*6 o 


The effect of the presence of sulphur dioxide has been 
examined by J. Dunn.^ By passing a current of pure dry SO., 
through sulphuric acid of sp. gr. 1-841, he found that this acid 
dissolves the amounts shown in the following table. 


. 


SjK'ciJic (iravity 

Teniiierattire 0°. 

Volume at N.T.l*. 
Vul.s. S* l>. 

of S<»lutioti 
at Temperature 
of lixperiment. 


t 


At IM 

3J-7S 

1-823 

„ l6l 

28-8() 


17*1 

' 28-14 


„ 26-9 

19-27 

1-822 

„ 42-0 

12-82 

I -821 
! 1-818 

n 50-9 

9*47 1 

62-3 

7*21 

I -8 16 

84-2 

4*54 j 

1-809 





Sulphurous acid certainly ‘nevgr occurs in such quantities 
(up to saturat'pn) in commercial vitriol ; and it .is very 
'Tardy that more than traces of it arc found therein, since it 
cannot co-dxist \yth the nitrogen oxides which are found 
frequently un ?veak commercial vitriol. Nitrous acid has a 
very n^a^ked effect on the apparent percentage of a sulphuric 
acid as tested by the hydrometer, but is present usually in very 
small quantities in concentrated acid, and only in “nitrous 

^ C/itm. News, 1881, 48 , 12 f; 1882, 46 , 270. 
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vitriol ” do such largi proportions of •nitrous acid occur as to 
influence appredably the spca'ific * gravity of the sulphuric 

acid. • */• 

A. Marshall * has mSde a careful study of tlie effect of the 
presence of impurities on fhe density of sulphuric acid. The 
acid recovered fr(jm the waste acid of nitrating processes may 
contain notable quantities of nitric acid, which make the specific 
l^ravity of the strong siilphuric^acid appear higher than normal. 
Mixtures of both acids up to 7-5 per cent. IlNO.^. show an 
increase of sp. gr. up to 1-862 j from that onwards the specific 
gravities decrease. hvXpcrimcnts show th.it an additional 
O-i per cent, of various sulphates raises the specific gravity 
of strong sulphuric acid by 0 00 1 ; lead sulphate by 0-0015; 
As.jOa by 0-0013; nitro-sulphuric acid by 000027. Lead 
sulphate is slightly soluble in strong acid ; 94 i)cr cent, may 
contain 0 06 per cent. PbSO^, and 98 per cent, acid up to 0*09 
per cent. PbSO.j. 

Freezing- and Meiting-poinis.— \'h(^ freezing- and melting- 
points of sulphuric acid of different degrees of concentration 
have been determined by Lunge." 


Mijf-c. (Iniv. 
uf Acid at 
!&’. 


Melting- 

• 

Sj» e. (jr.iv. 
<,f Ael.lat 

ir. . 

Freezing-point, f 

Melting- 

point. 

1-671 

liquid rit - 20 ^ 

li(|iiid 

1.767 

4 1-6 

4 6-5 

1-691 

do. 

do. 

1 -790 

- 14-5 

4 8-0 

1-712 

do. 

do. 

1-807 

. ■■ 

^ ^0-8 

• 1.727 

-f-5 

- 7-5 

1-822 

liquid at -- 20^ 

liquid 

1-732 

- 8-5 

- 8-5 

1-840 

, do. 

do. 

1-749 

-0’2 

•<• 4-5 





Further determinations have been made by Pickering,'^ 
Thilo;^ Pjetet,'* and, more recently, by Girau.^’ ^ 


* J. Soc. Chem. Ind., 1902, p. 1508. 

Ber.^ 1881, p. 2649 J 7 - C)iem. Soc. Abstr.^ 1882, ] 9 . 149.0 
^ /. Chem. Soc.f 1890, p. 331. * * 

* Chem. Zeit.., 1892, p. 1688 ; J. Soc. Chem. Ind. (Absbf^.), 1893, *827. 

^ Comptes rend., 189!!, p. 642; /. Soc. Chem. Ind. {Abstr.), 18951 

P- 35- V * * 

* Bull. Soc. 1913, p. 1049; J. Soc. CfUm. Ind. (^bslr.), 1913, 


p. 788. 
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Knietsch ^ jgives the* following table f)f the melting-points 
of sulphuric acid from i'‘peit. dent, to . loa per cent. SO3, 
which has beei\ supplemented by adding the correspond iirg 
percentages of‘'II.2S04. He takes "'as melting-point the 
temperature at which the cooled ^icid in which crystals had 
commenoed to form remained constant when the vessel 
was taken out of the cooling medium during the process 
'of solidification. ‘ < 


HO:t 

U.^S()4 

M(-lbinK- { 

SO;, 

II.7SO4 


Melting- 

HO;i 

Melting- 

iwr 

ff'iit. 

IKllllt. 

lj(-r 

pi-r i-(-iit. 

point. 

per cent. 

point. 







Degrees. 


Degrees. 

1 

2 

1-22 

2-45 

- o-O 

- I-O 



I 

/ 

Ijclow -40 

82 

83 

4- 8-2 
- 0-8 

3 

3'^^7 

- 1-7 

61 

74-72 


- 40 

84 

- 9-2 

4 

4.90 

- 2-0 

02 

75-95 


- 20 

85 

- I I-O 

5 

fj-I2 

- 2-7 

63 

77-17 


-II-5 

86 

- 2-2 

6 

7-35 

- 3-6 

O4 

78.40 


- 4-8 

87 

1-13-5 

7 

«-57 

- 4-4 

<')5 

79.(12 


- 4.2 

88 

0 26-0 

8 

9-8o 

- 5-3 

00 

80-85 


-1- 1-2 

89 

■i-34'2 

* 

1 1 *02 

- ()-0 

07 

82-07 


1- 8-0 1 

90 

4 34-2 

10 

12-25 

- ()-7 

08 

83-39 


i- 8-0 

91 

4-25.8 

V 

13-47 

7-2 

O9 

84.52 


i- 7*0 

92 

4- 14-2 

12 

14-70 

- 7.9 

70 

«5-75 


j 4.0 

93 1 

4- 0-8 

13 

15-92 

r - 8-2 

71 

80-97 


I-O 

94 ! 

4- 4-5 

14 

17-15 

- 9-0 

72 

88-20 


- 7-2 

95 

4-14-8 

15 

18-37 

- 9-3 

73 

89-42 


- 16-2 

96 

4-20-3 

16 

rcj.fjo 

... 9.S ; 

74 

90-05 


-25-0 

97 

4- 29.2 

17 

20-82 

-11-4 

75 

91.87 


-34-0 

98 

+ 33-8 

18 

22-05 

- ] 3-2 

79 

93-io'j 

d 

- 32-0 

99 

+ 36-0 

19 

23-27 

-15-2 

77 

94-83 1 


- 28-2 

100 

4-40-0 

20 

24.50 

- 17.1 

78 

95-05 J 

S 

16.5 


21 

25.72 

- 22-5 

79 

99-77 


- 5-2 


• 

22 

2(1-95 

-31-0 

80 

98-00 


-i- 3^0 



23 

28-17 

40-1 

81 

99-25 


+ 7-0 






81.03 

100-00 


-1 10-0 









c 




I’he b(»ilinjg-point of Sulphuric monohydratc 
is s^atcd by Marignac to be 338^ ‘According to the determina- 
tions of^Lungc,'*‘the boiling-points of mixtures of sulphuric acid 
andevater are as Shown in Tables I. and II. on the following 
page. 

* 1901, p. 4100 ; /. S(?i\ Chem, Ind, {Abstr.\ 1902, pp. 172, 343. 

* Ber., 1878, p/370. 
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TAh^.E I; 


Bpecifle 

Tempera- 

• 

Hpeclllc Gravity 

#-■- 

• 

.Verc<'nta)io 

Bolling- 

Barometer 
r«jduced 
to O’ mm. 

Gravity. 

ture. 

roduced 

of H.HSt>4. 

point. 

, 1-8380 

Degn-i-s. * 

17 

1-8400 

95-3 

Degret-s. 

297 

718-8 

f 1-8325 

16-5 

• 1-8334 • 

92-8 

280 

723-9 

1-8240 

15-5 

1-8242 

90-4 

264 

720-6 

1-8130 

16 

1-8140 

88-7 

257 

. 726-0 

1-7985 

15-5 

1-7990 

86-6 

241-5 

720-1 

1-7800 

IS 

1-7800 

84-3 

228 

720-5 

i -7545 

16 

1-7554 

Si-S 

218 

726-0 

1-7400 

15 

1-7400 

Ko -6 

209 

720-6 

1-7185 

17 

1-7203 

78-9 

203-5 

725-9 

I- 70 I 0 

18 

1-7037 

77-5 

197 

725-2 

1-6750 

19 

1-6786 

75-3 

1 - 83-5 

725-2 

1-6590 

16 

I -6599 

73-9 

180 

725-2 

1-6310 

17 

1-6328 

71-5 

173 

725-2 

1-6055 

17 

1-6072 

i 69-5 

169 

1 730-1 

1-5825 

15 

1 -5825 

67-2 

160 

728-8 

1-5600 

17 

1-5617 

65-4 

158-5 

730-1 

1-5420 

17 

1-5437 

64.3 

151-5 

730-1 

1-4935 

18 

1.4960 

59-4 

143 

730-1 

1-4620 

17 

1-4635 1 

56-4 

133 

730-1 

1-4000 

17 ! 

1-4015 i 

50-3 

124 

730-1. 

1-3540 

17 i 

1-3554 

i 45-3 

118-5 

730-1 

1-3180 

17 

1-3194 

1 41-5 

115 • 

730-1 

1-2620 

17 

1-2633 

34-7 

no 

732-9 

1-2030 

17 

1-2042 

27-6 

107 

732-9 

M120 

17 

1-1128 

15-8 

103-5 

* 732-9 

1-0575 

17 

1-0^80 

8-5 

101-5 

735-0 


Tahli- II. 


{Calculated by (Irapliical Interpolation.) 


Per cent, 
H28O4. 

Bulling- 

point. 

: PvrceiitT 
16nS04. 

Boiling- 

point. 

I’er cent. 
•H-jH()4. 

1 

• 

Per cent. 
H.^S04. 

Boiling- 

point. 

5 

r>egrf‘«-s. 

101 

45 

Di-gn-es. 

118-5 

70 

DegrecH. 

170, 

f 

86 

, Degreea. 

248-5 

10 

102 

50 

124 

72 

174-5 

88 

2 ?i -5 

15 

103-5 

53 

128-5 

7 -^ i 

180-^ 

90 

262*5 

20 

105 

56 

133 

76 

189 

• 91* • 

268 

25 

106-5 

60 

141-5 

78 

199 

92 

*• 274-5 

30 

108 

62.5 

147 

80 

207 , 

93 

281.5 

35 

no 

65 

153-5 ! 

82 

218-5 

94 

288-5 

40 

114 

6J.5 

161 

84 

227 

• 95 • 

295 
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Vapou* Pressure of, StRpburic Acid Solutions. 

The vapour yressurcy^of sulphuric aoid^ solutions of various 
strengths have Been dctc/mincd by Re^nault ^ for temperatures 
from 5V0 35 "- 



If.. HO, 

U-.SO, 


H..SO, 

t 

lf...S(6 

IUSO4 

IL»SO, 

n..s()4 


-fll.,o 

■i 2 n.io 


1 4 

+.'» n..<) 

4 - 711.-0 

4 ‘JII..0 

4-11 lf .,0 

M 71 IyO 

n. 

•SI'S'/. 

73'1 . 


f .7 o; . 

.^) 2 lf. 

43-7;"# 

» 7 - 7 ;,. 

38 1 . 

24-87. 


1 - 7 H 0 . 

1%!. 

1 M.-t 

1 - 477 . 

l-i-jo. 

1 340 . 

1 - 2 S 7 . 

1 ‘Jir. 

1 - 170 . 


IlUlt. 

mill. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

5 

0.105 

0-3 88 

0-861 

1-294 

2-137 

3-168 

4-120 

4-428 

5*478 

7 

0-108 

0-430 

0-985 

1-510 

2-464 

3-643 

4*728 

5-164 

()-300 

9 

0-112 

0-476 

I-125 

1-753 

2-829 

4*176 

5-408 

5-980 

7.21O 

II 

o-i 18 

0.527 

I -280 

2-025 

3-240 

4*773 

6-166 

6-883 

8-237 

13 

0-124 

o-58f) 

1 - 45 -f 

2-331 

3-699 

5*443 

7-013 

7.885 

9*374 

15 

0-131 

0-651 

1-648 

2-674 

4-215 

0-194 

7-958 

8-995 

10-641 

17 

0-139 

0-725 

I -865 

3*059 

4*793 

7*036 

9-014 

10-222 

12-054 

19 

0-149 

0-808 

2-108 

3-492 

5*440 

7-980 

10-191 

11.583 

13-628 

21 

0-159 

0-901 

2-380 

3-977 

6-166 

9*039 

11-506 

13-090 

15*383 

23 

0-171 

i -006 

2-684 

4-523 

6-979 

10-226 

12-974 

14.760 

17*338 

25 

0-184 

M25 

3-024 

5*135 

7-892 

11*557 

14-613 

I()-6[0 

19-516 

27 

0-199 

1-258 

3-405 

5-822 

8-914 

13-050 

16.443 

18-659 

21-944 

29 

o-«i6 

1 -408 

3-830 

6*594 

10-060 

14-725 1 

18-485 

20-929 

24*650 

31 

0-235 

1-557 

4-305 

7*459 

ii*-(45 

1 6-600 

20-765 

23-443 

27-666 

33 

•0-256 

1-767 

4-838 

8-432 

12-785 

18-704 

23-31 1 

2().228 

31*025 

35 

0-280 

i-()8l 

• 

5*432 

9-524 

14-400 

2 1 -063 

26-152 

29-314 

34*770 


Deterfninations havcalso been made by Helmholtz, “Bronsted;^ 
r 3 ieterici,‘^ and Briggs/’ * 

The results of SorcH' and Knietsch^ have been shown to 
be inaccurate by A. W. Porter,^ who has examined thp data 
critically with the aid of thermodynamics. Tlje most reliable^- 
results arc those. of B. C. Burt,'* who examined the vapour 
pressure of sulphuric acid .solutions for concentrations ranging 
between 24^92 and 95-94 -per cent. W.^SO^, by means of a 
specially designed apparatus. ^ * 

From tlie table on pp. 24-25 itvill be observed that, until a 
,high coi^centraTion and temperature are reached (say above 
90 pftr cent, acid and 180''), the partial pressure of sulphuric 
acid is exU-cmcly* slight, and hence the values of the total 

^ Ann. th^m. tz«r//.^i845, 8, 179. - Wied. Ann., 1886, p. 537. 

® Z.pkysik. Chan., 1909, p. 693. < ll'a'd. Ann.yliig^yp. 60 ; 1897, p. 616. 

® / Soc. Chefn. InV., 1903, p. 1275. ® Z. angew. Chem., 1889, p. 272. 

^ Ber.y 1901, p^ 41 n. • Trans. Fara(ia^ Snc., 1918, 18, part 3. 

® /. Ckem. Soc.y 1904, p. 1335. 
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vapour pressures recorded are 3 ue^ entirely to the partial 
pressure of aqugDUs vapour. • This.is of the utmost importance, 
because it is a funoaqicntal principle in the process of con- 
centration. When dflutc solution® of sulphuric acid . are 
evaporated, the vapour escaping consists entirely of steam, 
and no loss of acifl occurs until a concentration of about 
144'' Tvv. (78-92 p?;r cent. HoS04)\s reached. Up to this point, 
‘therefore, the process^is carried out in open lead pans (see, 
p. 45), but, for higher concentrations, it is necessary to employ 
a closed system and to draw off the acid fumes evolved into 
a condenser. Furthermore, it affords an explanation for the 
well-known fact that sulphuric acid begins to lose water at 
comparatively low temperatures — /h’., below its boiling-point, 
as, for example, in the cascade system of concentration, and 
also for the principle long recognised as sound in the working 
of Kessler and Gaillard plants— namely, that for large con- 
centrating power, very large volumes of moderately hot gas, 
rather than a high tem[)crature, should be aimed at. 

According to Davi.s,i the temperatures at which sulphuric 
acid solutions lose water arc as follows : — 


Sulphuric ac 


d of i5o'’Tw. begins to lose water ai 106" C. 


140 



80 

130 

11 

ff 

65 

I2Q 

11 

)) 

50 

iro 

11 


46 

100 

>1 

>» 

37 



u 

26 

80 


)> 

19 

70 

11 

V 

17 

60 

11 


16 


. • 

A critical compilation of vapour pressure data hffs been made 
by R. Wilson for the purpose of humidity control in laboratory 
work, by means of sulphuric acid solutions. ,,rThc result's of 
various observers arc compared with thg calculated values 
obtained by thermodynamical methods similar to those of 
Porter (see p. 29). A series of curves is givqn by means of 
which it is possible to determine readily and accurately the 
relative vapour pressure of any .sulphuric acief solution at any 

• f 

* Hdtndbook of Chemical Engine,ering^ 2, 234. 

/. Ind, Chem.^ 1921, p 326. • 
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Toftil Vapour^ Pressure of^ Sulphuric Acid 
f Burt, /. Chem. Sof.y 


I’orcentngp 




• 






21-02. 

80 ^r,. 

36-51. 

g 4 l 0 l. 

48-87- 

64-24. 

02-81. 

70-78. 


Toraperaturf'^ 





t 


• 55“ C 

95-5 

86*8 

78-2 

t 






6o 

12^.7 

I II-O 

lOO-I 

84-2 

59-8 

44*1 




65 

,153*7 

140-6 

126-8 

107.4 

79-0 

57*3 




70 

192.7 

176-6 

159*5 

136-5 

100-4 

74-0 

35*4 



75 

240-2 

219-8 

199-0 

1 71 -6 

126-4 

94-1 

45*9 



80 

295*1 

271.3 

245*0 

211-8 

157*8 

118-1 

58-0 



85 

3^>3*3 

332-8 

301-5 

261-3 

195-9 

146-4 

73-6 



go 

439* r 

403-4 

366-0 

317.2 

241-2 

182.9 

92-3 

35-5 


95 

532-9 

488-2 

445*4 

386-0 

293*5 

223-8 

115-8 

44*8 


100 

640-8 

589*9 

537*7 

465*8 

355*6 

267.4 

140-0 

57-0 


105 

759-^^ 

762.7 

646-2 

560-2 

42<j-8 

325-5 

171*5 

71-0 



{104.S) 

(107. II) 




no 



757*2 

(109-56) 

670-2 

515*4 

391*9 

210-8 

89-0 


115 




749*4 

(«i3-2i) 

621-9 

470-9 

255*3 

... 


120 

• 





754-0 

(120-82) 

561-8 

308-0 

140-4 


125 

t3o 





662-6 

368.5 

171-3 







753*7 

438-3 

205-2 


135 

• 





(128.7) 









517-6 

246.3 


140 







612-8 

291-2 


145 . 







745-0 

355-4 


150 







(145-85) 









426-9 


155 

160 

165 








501-5 

589-0 

^740-05 


• 

170 






... * 


(166.47) 

• 

175 










180 










185 










190 

• 

• 


... • 

... 

p .. 





195 










200 

• 


1 


... • 






, 205 « 

3^ 

215 

230 

...• 







... 


225 

230* 

235 

•... ( 

. 


... 



... 




c 



i 

• 
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Solutions in millimetres of A^^ra^/y at* o°C. 

1904, p. 1339.) 










1 

74-86. 

77-26. 

78-60. 

• 

• 81-15. 

86-1' » 

86-01. 

88-4. 

in -01. 

1)5-04. 

f 



• -- 







35-1 









44-8 

37-7 







1 8o-8 

56-1 

47-7 






t" ‘ 

99'5 

69-3 

58-2 



... 




I20'4 

85-5 

71-8 







146-9 

105-1 

87.4 

52-8 






178-4 

127-7 

io8-o 

65-3 

31-5 





221-0 

156-4 

133-2 

82-6 

39-6 



... • 


260-7 

188-9 

165-7 

101-7* 

51-3 

37-7 





229-7 

196.3 

124.6 

63-4 


3i-8 




273-9 

235-2 

150.4 

77-6 

57-7 

38-9 




. 326-6 

276-8 

180.9 

94-1 

71-2 

48-5 




387-1 

3^4-8 

218.9 

115-0 

87-3 

59-4 


# 


454-3 

385-7 


137-9 

105-6 

72.4 




525-7 

445-8 


164-2 

126-6 

87-3 

45-5 



610-8 

520-2 


194. 1 

150-4 

102-3 

55-6 



748-3 

(189.87) 

597-2 

• 

• 

227-9 


120-5 

(^.9 

• 



689-6 


269-5-^ 


145-2 

82-2 




756-8 

(198-35) 


5 07-4 


I7I-S 

0 

98-1 






361-3 


20^-3 

115.9 

34-1 





424.6 


138-2 

4«-8 





495-2 


'¥ 

163-2 

50-1 





577-8 

---• 


19^-3 

60-8 





670.3 



223-6 

72-2 




• 

752-9 

(228-55) 



263-5 

'85.9 




... 1 



-•- 1 

4» 

I ...» 

106-0 
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temperature between o", and lOO". In cA*der to make possible 
the reproducflon of these Gurv^s*on a Iai;ge-scale plot, a series 
of points is presented b^Jow. 

Bes!^ Values from Vapour ^'ressure Lj^rves jor Sulphuric 
* AciK Solufious. 


RKI.ATlVii VaI'OIJR Pri^ssukk \^I.UI-:.S AT: — 


lloSo,. 

u*. 

25 '“. 

50 \ 

75“. 


I’<*r cent. 

Tor 

I’cr cent. 

I’lT C'OIlt. 

0 

TOO 

100 

100 

100 

5 

.jS.4 

98*5 

98-5 

98-6 

10 

95-9 


< X >-3 

9f'-5 

15 

(J 2-4 

92-9 

93-4 

93-8 

20 

87.8 

88.5 

89*3 

90-0 

25 

81.7 

82-() 

84-0 

S5.0 

30 

73 -« 

75-6 

77-2 

78-6 

35 

(>4.0 

6()-8 

68.9 

70-8 

40 

54-2 

56-8 

59-3 

6t-6 

45 

44-0 

46.8 

49-5 

52-0 

• 50 

33 -(» 

36.8 

39-9 

42-8 

55 

23-5 

26-8 

30-0 

33-0 

60 

144) 

17-2 

20-0 

22-8 


7-8 

9.8 

120 

14.2 

70 

3-9 

5-2 

6-7 

8-3 

75 

1-8 

2-3 

3-2 ! 

4‘4 

80 

• 

0-5 

0-8 

1-2 

i 

1-8 


It will be noted that relative vapour pressures (per cent, of 
that o^purc water at the same temperature, thus ,corres[K)nding 
to the relative humidity of the air) are giveif rather than the 
absolute values hi millimeters. 

Specific Heat. — The specific heat of monohydrated sulphuric 
acid,at iO"to 20“ is 0-331 5 (water = i).* y\ccording to Marignac, 
the specific heats of sulphuric ‘acid^ solutions arc as follows : — 



+ 

5 IhO 

- 0.5764 

n 

4 - 

10 „ 

- 0*7212 

» 

+ 

•5 ,, 

- 0.7919 

)> 

+ 

25 » 

- 0-8537 


4 - 

50 n 

- 0.91^5 

>» 

+ 

100 „ 

= 0-9545 


4 

200 „ 

- 0 - 974 ^ 


4 

400 „ . 

.= 0-9878! 
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The following tabl^ by Bode ^ is moi»e convenient for practical 
use : — 


Specific Gravity. 

■ 

• 

Specific Heat. 

Specific Gravity. 

Specific Heat. 

I -842 

, *0-3315 

• 

I 1 I *020 

• 

• 

6 

1-774 

* 0-38 

1 I -263 

0-73 

1-711 

0-41 

I-2IO 

0-78 

1-615 


I-I()2 

0-82 

1-530 

0-49 

I -1 16 

9-8 7 

1-442 

0-55 

1-075 

0-90 

i-3«3 

0-6o 

1-037 

0-95 


Other dctcriniiiations have been made by lh‘ckering“ and 
* Knietsch.'* 



STREN^H AS 7oAr.r (JF 

Fig. 2. — S])CcifiC Heats of Sijlj)hiiric Acid (after Bode^. 


The Thermal Properties of Sulphuric ilfeid ai)4 
Water Mixtures. 

When concentrated sulphuric acid* is diluted \vith water, 
a considerable evolution of heat takes place, water being 

chemically fixed by the formation of definite hydrates. At the 

» » 

* Z. angew. Ch€f^\, 1889, p. 244. 2 j ghevi. Soc.^ 67 , 90. 

^ Bcn^ 1901, p. 4102^ * 
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same time contractian in volume oc(?urs, which must lead 
equally to an evolution ofhejtt* When |Concentrated acid is 
mixed with snqiv, excessive cold is ‘produced by the hCat 
becoming latent on the liquefaction of *the snow, which exceeds 
greatly* the heat set free by the chemical combination. This 
cold, however, is produced |^n1y when tl?e jjroportion between 
acid and snow does not exceed certain limits: for one part of 
acid there must be i | parts ofr snow jrresent ; with less snow 
there is a Vise of temperature. Even when sulphuric acid 
is diluted more strongly, much heat is liberated. Thomsen^ 
states that i gram mol. {i.e. 98 g.) H.^S04 gives the following 
amounts of heat when combining with .r mols. of water: 


.r 


I 

6272 calories 

2 

9364 „ 

3 

1 1 108 „ 

5 

130^2 

9 

14940 

19 

16248 „ 

49 

16676 „ 

99 

16850 

199 

17056 

499 

*7304 „ 

799 

17632 „ 

1599 

17848 


Thcsi: results agree well with the formula proposed by 
Thomsen for the heats of dilution of sViIphuric acid :— 


jp __ 17860 X.V 

^ .v+ 1.798 

in which H' is the number of gram calorics evolved when x gram 
mols. of water arc' added to i gram mol. of pure sulphuric acid. 

According to Technical ^Records of JJxplosives Supply, No. 5, 
p. lai, for jJractical purposes it is more convenient to transform 
the above into an equation giving. the heat H", which is evolved 
whSn y g. of >mter are added to too g. of II^SO^. From the 
above fcfrmula H' is the heat evolved by the addition of 18 ;ir g. 
of water to 98 g. cjf IL^SOj. 


Hence, * * H" = andy = x i8.r 

. 98 98 

• .V = 

^ 1800' 

^ Ber.y 8, 496^, Thermochem.* (Inters uch.^ 8, 34. 


or t 
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The equation for H" is theretore : — • 


100 17860 


H" 




1800 


+ '^98 

1800 • 


1 7 8600 V 
9^8 V + 32:^6 


calories. 


A more general case is that in which j g. of water are added 
to 100 g. of an acid consisting of x g. of water to (100— a') g. of 
lioSO^. For the exact details the original paper must be 
consulted, but in the end the following formula is obtained : — 


10005 (100 -a)“ 

(2.029a: + 100) (3.67O.V + 5.4875 + 181.2) 


1 0005 (100 a )-' 

(J( (2.029.V -f 100) 


where Q = (3.676^ + 5.4875+ 181.2). 


If the reacting qualities are given in grams, M wMl be 
exprc.sscd in gram calorics, whilst if the reacting qualities ^re 
in lb., II will be in lb. Centigrade units (CIH.U.). • 

d'hc most convenient type of graph for .solving the equation 
is the “alignment chart ’’ .shown in Plg.s. 3 and 3^7. ^ 

The heat of dilution of, sulphuric acid has been investigated 
also by Pfaundler,* Ikdn.stcd," and Kniet.sch.**^ 'I'he results of 
these ob.servers have been examined critically by A. W. Porter* 
Jn a very valuabj^e study of the thermal properties of mixtures 
of sulphuric acid and water. Previous data havjng been recorded 
in the neighbourhood of atmospheric temperature only, no 
allowance could be made for the influence of difference in 
temperature when the reactions took place at high temperafures 
(such as tho.se obtained duriag the concentration of sulphqric 
acid). By the aid of thermodynamical reasoniil^s, Poster has 
been able to supply the required informatiorr, and at the s«me 
time to check the trustworthiness of the rgsult.% of previous 
investigators. Iwo different method^ have b«en * employed, 
and the agreement^ between them is within the limits of 

‘ B^r,, 1871, p. 75 ; 1871, p. 240. 

“ Z. Cheni., ^906, p. 664 ; 1911, p. 325. • ^ Ber.^ i^i, p. 4103. 

* Trans, Faraday Soc,, ^918, part 3, pp. 373-^. 
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« ( f 

f 

accuracy attajjiablc in works practice. "The following inforina- 
tion has been abstracted fro^ l?is paper :-~i ' 

The heats oj dilution- of sulphuric acsd with various amounts 
of water (heats of solution) determined by Thomsen (at 20° C.) 
are soq;icvvhat lower than those 6f Pfaundler and Bronsted 
(between i T' C. and i6"C.)f who agree ver^v closely together, 
and are to be preferred. The following are the values of the 
heats (in kilocalories) set free ^vhen Ingram mol. of H2SO4 is 
diluted with* ;/ mol. of H., 0 . 



- 0-5 

I 

1-5 

2 

4 

1599 

Pfaundler . 

- y (>7 

6-7 j 6 

8-68 

9-998 

12-858 

... 

i3rdnsled . 

■ 375 

6-71 

8-79 

10-02 

12-83 

19.04 

Mean . 

. 371 

6-74 

8^ 

10-01 

CO 

19-04 


It is more convenient, however, to specify the heat set free 
when I mol. of SO;^ is diluted with water. These numbers can 
be obtained by combining the above numbers with Thomsen’s 
value for the heat of formation of H0SO4 from SO3 and H.^O — 
naimjy, 21-3 kilo calorics. The heat of dilution (II) of SO3 
with n mols. of I I .,0 is 

n - 1^1-5 2 2'5 3 5 1600 

H . .21-30 25-01 28-04 30-03 31-31 34-14 40-34 

Thcigi can be rcpre.sentcd by a hyperbolic formula — 

II = A'/- 
n + B 

These values of II can be reduced so as to specify the 
heat set free when 1 g. of SO3 is diluted wirti M g. of water.*" 
Expressing the heat in calories, the formula becomes: — 

/f,. (heat of solution of SO..) •>= - — . 

, • .M + 0.2013 

Frpm this formula can be calculated the true or differential 
heat of^diliitTt^i D ; that is, the heat set free when a large 
amewnt of solution containing i g. SO3 to M g. li^O is diluted 
with I g. 11 , 0 . Jt is given by the differential coefficient of 
h with regard <0 M. 

□ Joi -5 

(M +0.2013)“’ * 

Values calculated from the formulae, are tabulated in 
Table I. and are plotted on Fig. 4. 
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There is a marked tack of a^reemciit between the experi- 
mental and the gr*iplfcally srnoiithc^ values of I^nietsch, and 
the results cannot be regarded as reliable.. 

Latent Heat of Evapof^ition . — The laft^nt heat^of evaporation 
of the solvent of a solution* can Ijc obtained by addiii^ the 



Fig. 4 . — Heats of Solution anJ Dilution of Diluted Sulphuric Acid. 

’ A. Ilfiat of Solution in O.H.U.’h for amount containing 1 lb. 80;i. 

13. Uoat of®ilution per Il». water aiblod. 

C. Heat of Solution in C.Il.U.’a for amount containing 1 lb. water. 

true or differential heat of dilution, D, to the latent heat of 
evaporation of the pure^ ^Ivcnt. 

L ^ L solvent + D. 

The values of D which are given arc for the neighbourhood 
of 15^ C.; the value of L for water at I 5 ''C. is about ^9 
calories per gram. Hence, the values of L at C. are : — 

Per cent. SO3 20 50 55 60 70 * 75 80 

b 595 . 659 687 724 844 945 'io8-8- 

Variation of Heat% of Solution and Dilution with 'tempera- 
ture , — Both L water* and D. vary with temperature’ however. 




Sulphuric Acid aud Water. 
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What is the heat evolved ? 
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There is a marked tack of a^reemcftt between the experi- 
mental and the gr*iplfcally srnoiithc^ values of I^nietsch, and 
the results cannot be regarded as reliable.. 

Latent Heat of Evapof^ition . — The laft^nt heat^of evaporation 
of the solvent of a solution* can Ijc obtained by addii^ the 



Fig. 4 . — Heats of Solution anJ Dilution of Diluted Sulphuric Acid. 

A. Ilpat of Scluttoii in O.H.U.’h for amount containing 1 lb. 80;i. 

13. Uoat of®ilution per Il». water aiblod. 

C. Heat of Solution in C.Il.U.’a for amount containing 1 lb. water. 

true or differential heat of dilution, D, to the latent heat of 
evaporation of the pure^ ^Ivcnt. 

L ^ L solvent + D. 

The values of D which are given arc for the nci^boi^rhood 
of 15^ C.; the value of L for water at I 5 ''C. is about ^9 
calories per gram. Hence, the values of L at C. are : — 

Per cent. SO3 20 50 55 60 70 * 75 80 

b 595 . 659 687 724 844 945 'io8-8- 

Variation of Heat% of Solution and Dilution with 'tempera- 
ture , — Both L water* and D. vary with temperature’ however. 
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Table II. 

* 

Heat of Solution at Various Temperatures. 


Vast coiit. 

^ S 

16 ” 0. 

100” c. * 

• 

150 ’ C. 

200* C. 

• 

JO 

480 

• 

i 540 

* 575 

611 

50 

420 

477 

•511 

544 

55 

405 

461 

495 

528 ^ 

60 

3«7 

#442 •! 

475 

508 

70 . 

343 1 

396 

427 

458 

75. 

314 i 

365 

395 

426 

80 

279 1 

328 

356 

385 

90 

179 

218 

241 

264 


Values of h^. 


Table III. 


Differential Heat of Dilution at Various Temperatures. 


For CDlll. 

i 5 ' (;. 

100” c. 

150 ’ 0 . 

200* 0. 

i 

20 

5-75 

5-97 

6-11 

6-25 

c 50 

70-1 

73-4 

75*4 

77*3 

55 

97.6 

102-4 

ios -3 

I 08 -I 

60 ‘ 

135 

142 

146 

150-3 

70 

255 

271 ! 

280 

289 

75 

35 ^> 

380 ! 

394 

408 

e'o 

499 

538 

560 

583 

90 1 

1040 

1166 

1240 

1314 


V^ilues of D^. 


All^ilata in Tables 11. and III. arc in terms of calories and grams or lb. C.H.U. 
and lbs. 

Table IV. 


Latent Heat of Evaporation from Solution in Calories per 
‘ Gram of Water evaporated, or in lb. Cent. -deg. H.U. 
, per lb. of Water evaporated. 


jl’er cent. HO.-j. 

, 15”(.’. 

• 100’ c. 

160 ’ C. 

200*0. 

20 

595 - 

545 

510 

467 

50 ' ‘ 

659 

O12 

579 

538 

4 55 

687 

641 

609 

569 

60 

724 ; 

681 

■ 650 

61 1 

70^ « 

844 1 

810 

784 

750 

75 

^945 1 

919 

898 

869 

80 , 

foS8 

c 

1077 

1 1064 

1044 
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Heat of Oonte Siation of Aoi*d by Evaporation (as 
in il Gaillard To^er). ^ 

The heat required to concentrate sulphuric acid from any 
one strength to an\'* other can he divided into thr^a' main 
headings : — • 

# • 

(1) The heat required to ^ivercome the chemical afTinity 
between sulphuric acid and water. 

(2) 'Fhe heat required for the vaporisation of the water to 
be driven off. 

(3) The amount required as “sensible” heat — i.r. to rai.se 
the temperature of the mixture to the point at which water 
is evaporated. 

Porter has shown that data for the first two values can be 
obtained, as follows : — 

Taking as standard an amount of dilute acid conta’ning 
I g, SO3 and M| g. of water, the total heat recjuired^to 
evaporate it at constant temjieraturc till it contains only g. 
of water, is given by : — 

Heat required --- /////| + L water (NT, - M.,) - 

where /iWy repicscnts the heat required (theoretically) to dis- 
sociate, the acid completely into SO3 and 1 1^0, — 

the heat rc(|uire« to evaporate the given amount of wSter to 
leave Mg g. in the fini.shcd acid, and //;;/. Jthc heat evolved 
when Mg g. of water are mixed (theoretically) with the SOg 
to yield the fini.shcd acid.* The value that the above^ expression 
takes when Mo is zero, is called by Porter “ The heat of total 
evaporation.” If this quantity is plotted for different strengths, 
it is only nece.ssary to take the difference of the i^imbers 
corresponding to the two strengths at the beginning •and 
end of the process, each at the temperature of evaporation, 
to obtain the heat of concentration required. A detailed set 
of values is given ,in Table V. headed ” Meat of Total 
Evaporation.” . ^ 

Sensible Heat. — During the evaporatioii process, changes of 
temperature take place, .so ’that a knowledge of the thermal 
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TAl}Lt V. 


Si^phuric* ^icid and IVaUr Mixtures. 

llKAT OF Total Evaporation. 

e- 


ZHO;, 

'^20 a 

•to . 

1 »;(»■. 

1 so. 

in. 


1 140 ". 

100“. 

1 ISO". 

' 200’. 

220“. 

240 ". 

40 

1337 

T 333 

1330 

1320 

1321 

A 31 S 

i 3 or 

1300 

1288 

1273 

1257 

1239 

41 

1294 

1292 

1289 

1286 

1283 

1280 

1273 

1267 

1251 

1237 

1223 

1207 

42 

>255 

1254 

1252 

1250 

1247 

1244 

1238 

1233 

i2ig 

1207 

1194 

1180 

43 

1218 

1218 

1216 

1214 

1212 

1209 

1204 

1199 

1187 

1176 

1164 

1152 

44 

1184 

1184 

1182 

1 181 

1179 

1177 

1173 

1169 

1158 

1149 

1138 

1127 

45 

115^ 

1152 

1151 

1150 

1 148 

1 1 46 

1143 

1140 

1 1 31 

1124 

1112 

1102 

4b 

1 121 

1122 

1122 

1121 

1120 

II 19 

1117 

1114 

1107 

1100 

1087 

1077 

47 

1090 

10q2 

1092 

1092 

1092 

1091 

1090 

1088 

1083 

1076 

1063 

1053 

48 

1062 

1064 

1064 

1064 

1064 

1064 

1064 

1062 

1058 

1052 

1040 

1030 

49 

1035 

1037 

1039 

1039 

1039 

1040 

1040 

1038 

1034 

1029 

1019 

1009 

50 

1009 

101 I 

1014 

1015 

1016 

1017 

1017 

1015 

101 1 

1006 

998 

988 

51 

984 

987 

990 

992 

993 

994 

994 

993 

990 

986 

978 

968 

5 *’ 

9()0 

993 

()6() 

9()8 

970 

971 

972 

971 

969 

995 

958 

949 

53 

936 

93 <i 

942 

945 

947 

949 

950 

949 

948 

945 

938 

930 

54 

912 

915 

918 

921 

924 

926 

928 

928 

927 

925 

919 

912 

55 

888 

892 

896 

899 

902 

905 

907 

907 

907 

905 

901 

894 

5 fi 

866 

871 

«75 

879 

882 

885 

887 

887 

888 

886 

884 

879 

57 

844 

849 

X54 

859 

862 

865 

867 

869 

870 

868 

866 

860 

< 

823 

828 

833 

838 

842 

845 

848 

8:^0 

852 

« 5 i 

848 

844 

59 

802 

807 

812 

817 

821 

825; 

829 

831 

8341 

834 

! 831 

828 

bo 

781 

.ysb 

791 

796 

800 

! 805; 

810 

813- 

816 

816 

815 

812 

61 

761 

767 

772 

777 

782 

787; 

792 

799 

799 

799 

799 

797 

62 

742 

746 

753 

759 

795 

770 ’ 

774 

778; 

782 

783 

784 

782 

fi 3 M 

723 

729 

735 

741 

747 

752, 

757 

792 

766 

767 

799 

767 

64 

704 

711 

717 ! 

724 

730 

735 1 

740 

7451 

750 

753 

755 

752 

95 

685 

692 

999 

706 

713 

7191 

< 723 

729; 

734 

73 « 

740 

738 

0() 

(>67 

9751 

682 

()89 

(>96 

702 1 

706 

712 ! 

718 

723 

725 

724 

97 

949 

957 ! 

665 

672 

979 

685 ! 

690 

()cj6 

702 

708 

710 

710 

68 

631 

939 

947 

955 

692 

669 j 

974 

680 

686 

692 

Cm 

695 

69 «• 

614 

622 

630 

938 

945 

952 i 

957 

664 1 

670 

676 

678 

681 

70 

597 

bos 

913 

621 

628 

935: 

641 

648 ] 

954 

660 

6C2 

666 

71 

580 

588, 

596 

604 

61 I 

618 

925 

932 1 

938 

644 

646 

651 

72 

593 

571 

579 i 

587 

594 

602 

609 

616! 

622 

628 

931 

635 

73 

549 

554 1 

592 1 

570 

578 

585, 

592 

599 

606 

612 

616 

619 

74 

579 

537 : 

545 

554 ‘ 

592 

599 i 

579 

5«3 

590 

596 

601 

604 

'/5 

512 

520 

528 

537 

549 

553 ! 

590 ' 

597 

574 

580 

586 

589 

76 

495 

504 

512 

521 

5^9 

537 1 

544 

551 

558 

594 

571 

574 

. 77 

478 

487 

499 

505 

513 

3*21 

528 

535 

542 

548 

555 

559 

78 

45 r 

471 

480 

488 

496 

504 

512 

519 

526 

532 

539 

544 

79 ‘ 

444 

454 

494 

472 

480 

, 488 

499 

503 

510 

516 

523 

529 

^0 

428 

438 

‘447 

459 

464 

472 

480 

487 

494 

500 

507 

514 


To find tlK he:\l required to evaporate mixture containing w lb. SO3 from any one 
percentage to any other, at constant temperature, subtract the data in this table which 
relate to these percentages and temi^erature and multiply by m. The result is expressed 
in lb. C.Il.lJ.’s. V 
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capacities of sulphuft'c acid solution#; is necessary. These, 
multiplied into thcf.hange of temperature, the sensible 
heats required. A sot of values is t il)ulated in Table VI. 
This table is also of ^rcat use for’^calculatftiq the amount 
of coolinj; water rc(|uired -.to cool down acid of any given 
strength from one Pemj)eratme to another. 'I’he ^heat of 
total evaporation* plus the sensible heat, give the total 
fteat re(|uircd in the, concentration process, with an un- 
certainty which is mciasured 1)\' the variation in the amount 
of external work done, and which depends u])on the precise 
method of evaporation. It is interesting and advantageous 
that the heat of total I'vaporation varies com|)aratively little 
with temperature. 


Iixa}uf>/i's of the Use of tJic '! (ihlcs. 

(i) Conversion of a 55 per cent. SO.j .solution containing 
I g. SO.j at 100' to 75 per cent. SO., at 200 ’. 

(/f) I'irst .supj)ose that the evaporation at constant tempera- 
ture is succeeded by the temperature change. To evaporate 
this .solution at 55 per cent, to a solution at 75 percent. SO,, 
at 100' requires (sec Table \^) . 902 — 546 -- 356^calorics. 

To rai.se 75 j)er cent, to 20(y’ requires loi — 5 ^ " 5 ^ >* 

Total . . 406 „ 

• 

(//) Suppose 4 hc temperature change to occur first ^nd to 
be .succeeded by the evaporation. To rai.sc; original .solution 
from 1 00'’ to 200'' requires . . 187 — 93 = 94 caloric.s. 

To evaporate it at 200'’ rtcjuires . 905 — 580 = 325 „ 

Total . . 4^9 

The difference between thc.;e two modus of cvapo?atipn is 
due to the difference in external work done.^ Any other mode 
of evaporation which docs not bring the material to a higher 
intermediate temperature than 200'' will require an intermediate 
amount of heat. 

Considering in tl;c same way extreme epneentratidns, 53 per 
cent SO3 (/>. 65 per cent. H2SO4) and 777 per cent. SO3 (/>. 



Table 
Sulphuric Acid 
Sensible Heat at 


%S03. 

« 

• 

20 c. 

40 '. 


80 ’. 

i- 

lOO’. 

c 

120 . 

< 

r 

140 /■ 

100’. 

180 '. 

200'. 


40 

3 ^ 

66 

9 « 

I3I 

164 

197 

230 

262 

295 

328 


41 

32 

b 3 

. 95 

126 

158 

190 

221 

253 

284 

316 


42 

30 

61 

91 

122 

152 

182 

213 

243 

274 

304 


43 

29 

58 

88 

117 

146 

175 

204 

234 

263 

292 


44 

28 

5 b 

84 

II 2 

140 

168 

196 

224 

252 

280 


45 

27 

54 

81 

107 

134 

161 

188 

215 

242 

269 


46 

26 

52 

77 

103 

129 

155 

181 

207 

233 

258 


47 

25 

50 

75 

9 <I 

124 

149 

174 

199 

224 

249 


48 

24 

48 

72 

9 b 

120 

144 

168 

1 91 

216 

239 


49 

23 

46 

69 

92 

II5 

138 

161 

184 

207 

230 


50 

22 

44 

()6 

89 

III 

133 

155 

177 

199 

222 


51 

21 

43 

b 4 

85 

107 

128 

149 

170 

192 

213 


53 

21 

41 

62 

82 

103 

124 

144 

lbs 

185 

206 


53 

20 

40 

60 

80 

100 

1 19 

139 

159 

179 

199 


54 

19 

39 

58 

77 

9 b 

116 

135 

154 

173 

193 


55 

19 

37 

5 b 

75 

93 

112 

131 

149 

168 

187 



18 

36 

54 

72 

90 

108 

126 

144 

162 

I81 


57 

17 


53 

70 

88 

105 

123 

140 

158 

175 


58 

17 

^4 

51 

(.8 

86 

102 

119 

I 13b 

153 

170 


59 


33 

49 

(.(> 

82 

99 

115 

* 132 

148 

165 


60 

16 

32 

48 

64 

80 

96 

112 

128 

144 

l6o 


61 

♦15 

31 

4b 

63 

77 

93 

108 i 

124 

139 

155 


62 

15 

30 

45 

60 

75 

00 

105 i 

120 

135 

150 


63 

14 

29 

44 

58 

73 

% 

102 

116 

13I 

145 


64 

14 

28 

42 

5 b 

70 

85 

99 

113 

127 

141 


<>5 

14 

27 

41 

55 

68 

82 

96 

109 

123 

137 


66 

i 

27 

40 

53 

66 

80 

93 

106 

II9 ® 

133 


67 

13 

26 

39 

51 

64 

77 

■ 90 

‘•103 

116 

129 


68 

12 

25 

37 

50 

62 

75 

87 

100 

1 12 

125 


69 

12 

24 

: 3 b 

48 

60 

73 

85 

97 

109 

121 


70 

12 

23 

35 

47 

59 

70 

82 

94 

106 

117 


71 

II 

23 

34 

4 ^ 

57 

% 

80 

91 

102 

114 


73^ 

11 •• 

22 

33 

44 

55 

6(7 

. 77 

88 

99 

no 


73 

II 

21 

32 

43 

54 

b 4 

75 

86 

97 

107 


74 

10 

21 

31 

42 

* 52, 

62 

73 

83 

94 

104 


75 

10 1 

^ 20 

30 

i 

51 

61 

71 

81 

91 

lOI 


76 

10 

Cl 

20 

29 

39 

49 

59 

69 

79 

89 

98 



9 

19 

. 29 

38 

48 

57 

67 

76 

86 

95 


78 

9 

18 

28 

37 

46 

5 b 

b 5 

74 

83 

93 


79 

9 

i 18 

t 27 

3 b 

45 

54 

b 3 

72 

8i 

90 


80 

9 . 

17 

26 

^ 34 

44 

52 

61 

70 

79 

87 



To obtain the lieat in lb. C.H.U.'s required to warm*a quantity of acid of given 
any other tem^xsrafr.ire, subtract the number which corresponds to the lower temperature 
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VI. 

and Water Mixturt's. 


Constant Concentration. 




1 


• 



2 ‘JO . 

• 240 \ 1 


• 



• 

1 

1 

r. 1 

4 '. j 

,0-. 


3OI 

304 ! 

3 

7 

10 


348 

379 1 

3 

6 

9 


334 

3(^5 1 

3 

b 

9 


321 

3 SO 

3 

6 

9 


308 

33 ^' 

3 

6 

8 


296 

323 

3 

5 

8 


28.t 

310 

3 

5 

8 


274 

200 

2 

5 

7 


263 

287 

2 

5 

7 


253 

27 () 

2 

5 

7 


244 

2()(. 

2 

4 

7 


234 

25b 

2 

4 

b 


227 

247 

2 

1 

b 


219 

2 30 

2 

4 

b 


212 

231 

2 

4 

b 


205 

224 

2 

4 

b 


198 

217 

2 

4 

5 


103 

210 

2 

3 

5 


187 

204 

2 ! 

3 

5 


181 

108 

2 

3 

5 


176 

192 

2 

3 

5 ! 


170 

1 8b 

1 I 

3 

5 1 


ihS 

l8o 

i ' 

3 

i 


ifX) 

174 

1 1 

3 

4 ; 


155 

169 

1 

3 

4 


150 

164 

i I 

3 

4 


146 

•150 

I 

3 

4 


142 

155 

1 • 

3 

4 


137 

149 

I 

2 

4 


133 

M 5 

I 

2 

4 


129 

141 

I 

2 

3 


125 

137 

I 

2 

^3 


121 

133 

I 

2 

, 3 


n8 

129 

I 

2 

3 


115 

125 

I 

2 

3 


III 

122 

I 

2 

3 


108 

118 

1 

2 

3 


105 

114 

I 

2 

3 


102 

III 

I 

2 

3 


99 

108 

I 

2 

3 


96 

105 

I 

2 

3 


Dr'^jrwnccs : 



. 0 , ! 

rr. 

14 . 

1 C . 

]S“. 

• 

, i 







13 

lb 

20 

23 

26 

29 

13 

lb 

19 

22 

25 

28 


15 

18 

21 

24 

27 

12 

15 

17 

20 

23 

26 

1 1 

14 

17 

20 

22 

25 

1 1 

13 

16 

19 

21 

24 

10 

13 

15 

18 

21 

23 

10 

12 

15 

17 

20 

22 

JO 

12 

14 

17 

19 

22 

9 

11 

14 

16 

18 

21 

9 

11 

13 

15 

18 

20 

8 

I 1 

13 

15 

17 

19 

8 

10 

12 

14 

16 

18 

8 

10 

12 

14 

lb 

18 

8 

JO 

12 

13 

15 

’7 

7 

9 

11 

13 

15 

17 

7 

9 

11 

13 

14 

16, 

7 

9 

10 

12 

14 

16 

7 

9 

10 

12' 

14 

15 

7 

8 

10 

1 1 

13 

15 

b 

8 

10 

I I 

13 

14 

(> 

8 

9 

1 1 

12 • 

14 

r> 

7 

9 

10 

12 

13 

t) 

7 

9 

10 

12 

13 

b 

7 

8 

10 

II 

13 

5 

7 

8 

JO 

11 

12 

5 

7 

8 

9 

II 

12 

5 

6 

8 

9 

10 

' 12 

5 

6 

7 

9 

10 

11 

5 

6 

7 

• 8 

10 

11 

5 

6 

7 

8 

9 

11 

5 

6 

7 

8 

9 

10 

4 

5 

7 

8 

• 9 

10 

4 

5 

6 

7 

9 

io 

4 

5 

6 

7 

8 

9 

4 

5 

6 

7 

- « 8 

9 

4 

5 

6 

7 

8 

9 

•t 

5 

6 . 

7 

8 * 


4 

5 

6 

6 

7 

8 

4 

4 

5 

, 6 

7 

8 

3 


1 ' 

b 

. 7 

8 


percentage SO3 in which the total quantity of SO3 is m lb. from any temperature to 
from that which corresponds to the higher and multiply by m. 



.40 


PROPERTIES OF SULPHURIC ACID 


95 per cent gnd extreme temperatures 15® and 200®, 

we get : — 


Evaporation at 15° C. . . . •* 935 - 4^5 = 470 calories. 

Sensible heat to raise 777 per ( 5 ent. SI), from I5''C. to 


2 o 5 ;C . .V . . - 89 „ 

I’otal per gram S().,< . . 559 „ 


For 100 g. 95 per cent. H.^SO^ \vhichr:ontains«777 g. SO;,, 

the amohnt of heat is 43 ) 4^0 „ 


For 1 1 ^. HO,,. From Table No. VI. 

Sensible heat to raise 53 per cent. SO., from 15 ' to 200 C . -- 188 calories. 

Evaporation at 200“" C 945 537 4^8 „ 

Total . . ^ „ 

For 100 g. 95 per cent. ILSO„ total heat required . . 46,300 „ 


If evaporation and ri.sc of temperature proceed concomitantly, 
the heat required will be intermediate to the.se two values. 

The original paper contains detailed information of the 
iTHithod of construction of a simple “alignment chart,” from 
which the vaUics can be read off readily. 

All the data are given primarily in terms of grams and 
calorie^ but the same numbers also hold if the units are 
kilograms and kilo calories, or pommels and pound-degree C 
heat units, or tons and ton-degree C heat units. If pounds 
and British Thermal Units (B.'l'.U.) are employed, the numbers 


require to be multiplied by 


9 

5 ‘ 


The. Preparation 6f Anhydrohs^ Sulphuric Acid 

(100 per. cent. ILSOJ. 

For sdTTfe purposes sulphuric acid containing no water, or 
hardly* any, and ^orre.sponding as nearly as possible to the 
formula 1128,04 (^163 per cent. SO3 and 18-37 per cent. HgO) is 
required. •Such acid extremely useful in certain nitrating 
and sulphonating operations, connected with the manufacture 
of explosive^ and of dyes. Prior to the development of the 
contact system for^the production of oleftm on a large scale, 
several methods were employed feu its preparation. 
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Mayers (B. P. iJcfi of 1878) proposed to pass burner gas 
through sulphuric ac?G, so as to»dis‘Solve the SO^ in the latter, 
and bring up its strong ii. 

A new principle was*proposcd by Lunge ^ (iT P. 96 of 1883), 
namely, to freeze out the* crystals of anhydrous acid from 
concentrated oil of vitriol ; the j.'^ocess was carried wut on a 
large scale for scvAal years in Kngland (Widnes), France (Petit 
^ucvilly), and Germany (Grie^heim), but fell into disuse with 
the introduction of cheap oleum liy the contact process. The 
method adopted b)’ Lunge is very fully described with drawings 
in the fourth edition (pp. 12 14-1 2 17), which should be con- 
sulted for further information. 

Osterberger and Caj)ellc'’ de.scribe the |)rocess as carried out 
at Petit Quevilly. Additional information is given by Morance.^ 

Duron (I'r. P. 430145) enriches sulphuric acid by SO3 pro- 
duced by the dissociation of a portion of tlie concentrated acid 
by means of heated air, tlu‘ waste heat of which is then utilised 
for the concentration of the dilute acid in a “concentrator^’ and 
“regenerator”; the air is finally deprived of the last traces of 
acid in a condenser. Dilute acid is supplied to the regenerator, 
where it is concentrated by the heated gas, and jjiirt of the acid 
is then u.sed in the lowest .stage of a “.separator” tower for 
absorbing water from the dissociated acid vapours; tly^ upper 
part of the tower being f(^l with 96 to 98 per cent, sulphuric 
acid from the concentrator for the absorption of SO3 from 
the same vapours, 'fhe concentrator receives most of the 
acid from the .regenerator (situated above it), and ^is so 
arranged that the heated air pas.scs rapidly in a thin layer 
over the surface of the acid without giving ri.se to agitation of 
the liquid.s. 

The modern proccs.s'consists in absorbing sulphuric anhydride 
obtained by the contact process, in highly concentrated sulphuric 
acid. 

Weber ^ (U.S. P. 1233626 of 1917 ; 1291306 of 1919) absorbs 

• • 

* J. Soc. Chem. hid. {Ads/r.\ 1883, p. 414 ; B. F. 4430 of 1^87 ; J , Soc. 
Chem. hui. (Absfr.), 1888, p. 209. 

^ Bull. Soc. Ind. Roueh^ 1889, 17 , 307 ; J. Soc. Chem. Ind. {Abstr.\ 1890, 

390, 507. 

^ Compfes rend.y 1909, 148 , 842 ; J. Soc. Chem. Inil. {Abslr,\ 1909, 28 , 520. 

* /. Soc . Chem. Ind. {Ab^tr.)^ 88, 499. 
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sulphuric anhydride in cooled and stirred fob per cent, sulphuric 
acid, until at least 5 per cftnUof the anhydride is absorbed; 
dilute sulphuric acid k then added, until the acid is of the 
desired strength — 98^per cent In*this way, the difficulties 
of absorbing sulphur trioxid^ in weak acid are avoided, and 
iron vcsiiels may be used without any danger of the acid acting 
on the metal. 


The Properties of Anhydrous Sulphuric Acid. 

The proper sulphuric hydrate, commonly known as mono- 
hydrated sulphuric acid, has the rational formula — 


SO. 


X)Il 

\OII 


and can be considered as containing 81-63 per cent, sulphuric 
anhydride and 18-37 per cent, water. It is a limpid, colourless, 
oily Ijquid. Its specific gravity at o'" is 1-853 ; at 15'' (compared 
with water of 4") 1-8384 (Lunge and Naef), 1-8378 (Schcrtel), 
1-8572 (Marignac, F. Kohlrausch, Mendelejeff).^ The value is 
given as 1-83^7 by J. Domke, who has made a very elaborate 
investigation on the density of sulphuric acid on behalf of the 
Normal^ichungs Kommission at Ferlin.- The specific gravity 
changes to the extent of -f- 0-001 f(A' each degree Centigrade, 
The pure monohydrate solidifies at about o'", and forms large 
plate-shaped crystals which melt at + io''-5 ; they remain liquid 
a good deal below that temperature, but .solidifj on agitation, or 
even better when <i fragment of the solid hydrate is introduced. 
(The Chem. Fabrik Griesheim (D.R.P. 24402) make use of this 
property to prepare pure monohydrafe)/ The acid begins to 
boil at 290'’, but the boiling-point rises up to 338'' (Marignac). 
This show.^iat it does not distil 'unchanged ; in fact a mixture 
of h^dimted acid, anhydride, an^ water passes over (see below). 
This di.ssociation fiegins much earlier ; the pure monohydrate 
produces fuiflcs by giWng off SO3, very slightly even at the 
ordinary summer temperature, distinctly at 30'' or 40°. 
Accorcfingly, it cannot be obtained by boiling down or 
• • 

* Ber.j 188^, pp. 1748/12536, 2711. 2 anor ^. 1905, 48 , 125-181. 

^ Compare al^ CAem. Afis/rlkcfSy 1^14, 8, 3540. 
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distilling dilute acid; feut it can be [prepared adding an 
exactly sufficient quaitity of ^n^ydride to the strongest acfd 
obtainable by concentration, or by cooling ordinary concentrated 
acid below o” and rcpeatitig this proces.^ of crysFallisation until 
the pure monohydrate is obt.'kined. ♦ ^ 

The vapour of sulpfiuric acid*cq^isists for the most part, or 
even entirely (accoitling to the temperature), not of molecules 
ol^H^SO^ but of SO, and^HoO. ^The theoretical vapour density 
for H2SO4 (2 vols.) is 3-386, and for the completely dissociated 
molecules of SO, and 11.0 (4 vols.) 1-693. Dcvillc and Troost 
at 440*^ found the vapour density to be i-74» that dis.sociation 
is almost complete in the state of vapour.^ 

Oddo and Anelli - found the vapour density of absolutely 
pure ir.SO^ rather higher than calculated from this formula, which 
proves that some molecules of (II, SO arc pre.scnt as well as 
II.,SO^, SO,, and 11 , 0 . In .solution they as aimc the sulphuric 
acid to be present always as the dimeric molecule (IIoSO^).^. 
Further detailed investigations on the properties of absolutely 
pure M„.SOj have been made by Nichty,=‘ Ilant/sch,^ Arm.stit>ng 
and Worley."’ 

• 

Sulphuric Acid Monohydrate (IIoSO^, II., 0 ). 

Donk^' has obtained crystalline sulphuric acid monol^drate 
H2SO4, M2O by mixing 40^ parts of lead or barium sulphate 
with 60 parts 85 per cent, sulphuric acid, and .setting the 
mixture.away at o"' overnight. A portion of the cry.st^Jli.sed 
ma.ss thus obtained is used then for .seeding or inoculating a 
new portion of 85 per cent, sulphuric acid, which has also been 
kept overnight at o'’, when the acid crystallises rapidly. The 
crystals arc monoclinic. /T-y.stallinc iCSOj is obtaineel similarly 
by seeding 99 9 per cent, sulphuric acid with a portion of a 
solidified mixture of 60 g. gg\) per cent, sulphuric^cid, and 
40 g. of lead .sulphate. Cry.stalli^cd H.,vS04 i.s^morc diffiailt^to 

* Dittmar, CAcm, News^ 1869, p. 258. 

* Gmz. Chim, 1911, p. 552 ; Chein. p. 846. 

^ Ainer. Chem, Soc.^ 1908, pp. 1834-46. 

^ Z.physik. Chem.^ 190/, pp. 257-312. 

® Roy. Soc. Proc,., 19 y, 90 A, 73 ; /. Soc. Chem. Ind, fAdsdr.), 1914, 
p. 960. 

® CA^m. Weekblad.y 1913,4). 956 J Amer. Chem.^oc.{Abstr.\ 1914,2, 1926. 
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obtain than^crystallised HgSO^, HoO, ahd is not formed if the 
acid is weaker than 99-5 pfcr aent. ^ . 

Jorissen^ states tkat he prepares«crystallised H^SO^, HgO 
(85 per cent. I.^SOJ V cooling 84b per cent, and 83-3 |j“ 
cent, solutions in melting icd. Nearly 100 per cent. H.^SO^ 
be made to crystalli.se by<:ooling 200 c.c. fuming oil of vitriol 
(containing 7-5 per cent. SCXj) mixed with* 50 c.c. 93 per cent, 
sulphuric acid in ice. 

Chem. Weekhlad.^ 1913, p. 962; Amer. Abs/r., p. 3540. 




CHAPTER III 

• • 

CONCl-NTRATION IN HEATED PANS OR RET(5RXS 

Lead Pans Heated from above. 

Tins is the appropriate mode of firing when the purity, and 
especially the appearance, of the acid are of less moment than 
saving fuel and the accomplishment of a large amount of 
work. The acid in this case is, of course, contaminated by the 
flue dust, and is always more or less stained by sooty matter, 
whence its English name “brown vitriol,” has arisen. These 
contaminations arc quite harmless when it is used for decompos- 
ing salt, for superj)hosphatc manufacture, and for many other 
purposes. On the otlier hand, the rate of evaporation in tcpp- 
heated pans is very quick, because, first, the hot g^s is brought 
into intimate contact with the acid, and can thus communicate 
its heat much better than when the two are separated by 
metallic plates, etc. ; sccoiKily, the vapours formed thereby arc 
removed at once by the draught, which, as is well known from 
experience, very much assists the evaporation. Moreover, fired 
from the top, tha» pans, if proi)crly constructed, are muc^ less 
acted upon than when fired from below; the, risk that, owing 
to the workmen’s carclessnc.ss, they may be burned through, 
is especially diminished. • • ^ 

Concerning the loss of acid in this style of evaporafion, 
no experiments have been published ; probably it i.sjjpmewhat 
larger than with pans heated from below, as the stream^of fire 
gases, acting upon the boiling aciS, carries sonfc of it away inT:he 
so-called “ vesicular ” form — i,e., as a mistpf mmuteHliquid drops, 
which is much more difficult to condense than the vapbur form. 
Over-heat pans arew used extensively for several purposes : — 
(i) For the concentration of weak chamber ^id after 
dearsenication (see ^ol. 1 1.) to bring it up t(f a strength suitable 
for sale as “ brown oil o^ vitriol.” 
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. (2) For fstrengthenlng the /:irculatitjg acid of a chamber 
plant for use on the Gay Litssac towers, wiiere for any reason 
the Glover tq^vers ai*e^ not siifificientrj^ ho<; to do the whole of 
the work rc([uired. 

(3J For the re-concentralipn oT the ^icicl obtained in Hasen- 
clever’S modification of thd Deacon process for making chlorine 
(B. P. 3393 of 1883). He used over-heat pans when he introduced 
this process, and since that ^ime they have been associated 
with his name, although they were described by Lunge in the 
first edition of this work in 1879. In this process the gas from 
the saltcake pots alone is fit to use directly in the decomposers. 
The acid evolved from the roasters is condensed in water in 
the usual way, and then regasified by running it into jars, 
through which hot vitriol circulates at about 144" to 145° Tw. — 
air being blown in at the same time. In this way the hydro- 
chloric acid is evolved in a gaseous form of a strength and 
purity suitable for the Deacon process, whilst the water in 
whkh it was condensed previously is retained in the sulphuric 
acid, and has to be removed by taking the acid, which leaves 
the jars at about 120'' Tw., and reconcentrating in an over- 
heat pan. * 

Pans heated from above have been described by Godin ^ 
and Iiungc,“ and many modifications have been used, but 
in any case the lead must be p^^tected from direct contact 
with the fire, or at least the pan must be cooled in such a 
manner that the lead cannot melt. The best way j^f doing 
this Ts to keep the |)an always filled to the •same level, nearly 
to its top, leaviiig only a sufficient margin to prevent any from 
boiling over. In ordinary work the acid is never drawn off, 
except fqr repairs ; but* the conceiTtrated acid is heavier and 
sinks down ; it is continually drawn off from the bottom, and 
fresh aej^ is run constantly m at the top, as long as the 
concentrating process goes on. Even then the empty portion 
of*the pan must* be protecteJ, especially at the fire-bridge. A 
detailed description,^ with drawings of the pans formerly 
employed, is given in the fourth edition of this work (pp. 1082- 
1086); but this has been omitted from, the present edition, as 
these pajis have been superseded by more^ modern plants. 

The author is i^idebted to the courtes}^ of the United Alkali 

* • . 

^ AnnalesdesMineSy 18^5, p. 344. ^ Dingh polyi. /., 1871, pp. 201, 352, 
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Company, Ltd., Liveri:R)ol, for a description of a Tiodern over- 
heat pan. , * 5 * 

As shown in Fjg. 5f the modern piMi is built on a much 
larger scale than formerly, and measufes 50 ft. long by 10 ft. 
wide by 2 ft. 2 in. deep inside (^Ifcad measure) ; the lead used 
weighs 20 lb. to the scjuare foot, /rhc leadwork is protected 
inside with walls 0^9 in. brickwork, with the exception of 12 ft. 
f^Din the furnace end, ^vhcre, ,pn account of the extra heat, 
the lining is 14 in. brickwork, with a half-inch cavity lined 
with a packing of oakum, red lead, and boiled linseed oil well 
mixed together. The bottom is protected with a 3-in. layer of 
loo.se bricks. The depth of brickwork from the crown of the 
arch is 4 ft. 9 in. at the furnace end, and tapers down for the 
first 13 ft. to 2 ft. 1 1 in., at which depth it continues to the smoke 
outlet. The arch is 9 in. thick, with 9 in. camber. Metalline 
bricks arc used throughout, and all brickwork is set with sulphate 
of lead and boiled oil. In this way the repair costs have been 
reduced appreciably. There arc four cleaning holes on the top 
of the arch, 18 in. diameter, with loo.se circular covers. 'The 
leadwork is carried on small steel girders, 4 in. by 2 in. >in 
section, and about 3-in. centres re.sting on three larger i2-in. by 
6-in. girders elevated iij)on eight columns to the height required 
for the flow of liquor. The sides arc supported with C4st-iron 
interchangeable grids, 5 ft., by i ft. to in. by i| in.; and any 
grid can be released for repairs to leadwork. The buck stays, 
which arc 3^ in. by 2 A in., are carried sufficiently high over the 
arch of the paOj^ and below the main girders, and conixcted 
together across the pan with i |-in. wrought-iron tie-rod.s. On 
each side of the buck stays arc pieces of iron', 2 1 in. by i| in. 
secured with bolts, which hold the -interchangeable grids in 
position. 

The fire-stack is built 3 ft. clear from the end of the pan, 
and is built of 18 in. brickwork, the inner 9 in. limng‘"bcing 
fire-brick. The furnace is 5 ft. by 3 ft. 3 in. jnside; and there 
are two separate furnace doors for firing purposes. The smoke- 
stack outlet at the opposite end is 18 in. square inside brickwork. 
Double fires are an advantage, as they allow alternate working, 
so that one fire can be cleaned or charged when.^the other is 
burning brightly ; thus consuming the smoke and reducing 
contamination and dis9oloralion of the acid in the pan. in 




Fig. 
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Practice a fresh supply t)f fuel is added •every one ^and a half 
lo two hours, on altcrifate fires* a'‘‘d clinkering is done every’ 
feight to twelve hours, according to the qualify of the fuel. 
It is absolutely necessary for the gas etit stack to be kept 
clean, as, otherwise, the furnace ai.d neck to the pan suffer 
pnsiderably. * ^ , 

The weak vitriol ^is fed into the pan at the cool end, and 
passes out at the end i^^arest ^he furnace — the pipes being 
[luted below the acid level. When concentrating clean, acid a 
|pan runs for two to three years without cleaning; the necessity, 
Tor which is shown by the SO.j test in the exit gases, rising 



from the normal i to 1-5 gr. per cubic foot when the pan 
is cleaned, to well over 4 gr. per cubic fo(.)t when 'dirty. 

The pan constructed ss in Figs. .5 and 6 is capable of 
producing at least 350 t«ns of 140” Tw. acid per week fron^ a 
feed of 105“ Tw., and the water evaporated is about 3 lb. 
for each lb. of fuel used. The loss in evaporation is’^^actjout 
2^ per cent. o * * 

Efforts have been made to increase the efficiency of over- 
heat pans, by introducing two or three •baffles built up to 
the arch, as shown in Fig. 7. These lead to a considerable 
improvement in efficiency ; for example, during a measured 
run over four and a half months, the water gvaporatec^ per lb. 
of fuel averaged 376 rt). . Suck baffles are,, however, a* nuisance 

I) 
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on account of the ac<:umulation of cl«sf from the fire, which 
blocks up tnc passages— -the ^lockage befng^difficuk to remove. 

According to th^ 49/^ Alka/i luspector's Report for igi 2 , 
p. 65, some trouble has been expefienced in the working of 
these plants, due mainly tp the*simultancous bring of several * 
pans,, which results in allftlie fires befoming^ hot together, and 
necessitates clinkcring the fires at the same time. 

The difference in total ac^‘dity ii^ the chimney at different 
times is due to some extent to the sulphur in the coal, which 



comes off largely in the first fifteen to twenty minutes after 
stoking, especially with some of the lower grade slack. The 
dj(ficulty^ is overcome readily by working each plant by a 
time* table. One fault appears to be in the construction of 
the f......vces tothe.se pan.s, as the fire area is considerable, and 

tljiis 'enables the^ men to plaee a large amount of coal on the 
fire at one time, with the result that the fire is for a time 
more 01; less “dark/’ and later on too hot, causing the acid 
to distil after becoming concentrated. If the coal were 
supplied oftener, and in smaller qinfntities, a more steady 
heat would result, and better work, vdth less loss of acid, 
would exist 
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According to the ^th Alkali Inspector's Report of 1913, 
considerable improverflent has b?en» noticed in the working 
of these plants, diie^ to more careful firing and regulation of 
temperature, and the use of tirne-mbles for firing and 
• clinkering. • 

According to the* ^ 2 /u/ A Ik ft Inspector's Report for 
1915, p. 73, contiiAied improvement has been made with 
H'ksenclever pans, by thc^use of ^louble fires and smaller doors. 
The escape from six or eight such pans, all working . to one 
chimney, is generally about i gr., or even less, 

Clough (U.S. P. 15222 of 1856) proposes an over-heat pan 
for concentrating the acid up to 170'’ Tw. 

Grossc-Legge ^ (Ger. P. 176370) introduces a current of 
hot gas tangentially to the inner side of a round evaporating 
dish, close to the surface of the acid, so that the gases take 
a spiral circuit above the acid, and escape ultimately through 
an exit pipe in the centre of the arch. l\ scries of dishes 
may be employed and the hot air, charged with vapours, 
is carried off from each single dish, without getting in contact 
with fresh vapours within the apparatus, either in the opc^p 
air or into a special flue. • 

Bernutat- (Ger. P. 281133 of 1914; B. P. 13642 of 1914) 
passes the acid to be concentrated through a number of 
compartments, connected with one another, through which 
hot gases are conveyed in counter-current. 

Ovcr-hcat pans have also been described by Girod ^ 
(B. P. ^7158 of ^911) and by Brunler ^ (Ger. P. 283790 of 

1913). 

Pipeicaut and 1 lelbronner try to avoid the heavy losses 
due to SO3 mist, by pa'i^sing the acid in a shallow .stream 
through a scries of twelve vessels of special design in tl^e 
same direction as the flue gases. Thich vcs.scl is in the form 
of a rectangular box, i metre long by 1-5 metres wine 0-5 
metre high, provided with a ciixular inlet <ind outlet — the 
latter a lower level than the former, and keyed together. 
Sodium silicate is u.scd to make the joints tight, and the whole 

* Z. aftgew. Chem. (Adsir.), 1907, 20, 893. 

* y. Soc. Chem, Ind., 1915, p. 61 1. ^ Ibid,, I9i2;< 31,^335. 

^ Z, angevj. Chem., 1915, 28 , 296. 

^ Monit Scient, 1917, 61,^65-69; / Soc. Cher... Ind. (Abstr.)', 1918, p. 6. 
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is covered ^ with sheet lead, lO mrfi. * thick. The acid is 
ihtroduccd in the first v^ssgl ty a pipe ip the side. Every 
alternate vessel is piejvided with a pipe,, through which any 
desired proportion of vtipour can be Fbd away for condensation. 
Gas at 1200 C. can he cm|Joyc(U directly on acid of ii6°Tw., 
and tT]^* proportions should l*e adjiistccf s(j that (a) the concen- 
trated acid is not heated above 300’ C, a? which temperature 
anhydride formation begins; the ^;ases leaving the .systto 
are still, d^nsiderably below the point of saturation with water 
vapour. 'I'he advantages claimed arc economy of fuel, low 
acidity of the condensed vapours, reduced atmo.sphcric pollution, 
and smaller wear and tear on the plant. 

Lead Pans Heated from Below. 

These pans are made of much smaller size than those with 
top-heat ; the csscaitial reason of this is the different wear and 
tear which they suffer according to whether they arc more or 
les ?5 exposed to the fire; moreover, the concentration in this 
cgse is very regular, the pans being arranged usually in sets, 
so that the Mcak acid Hows in at one end and runs over from 
one pan to another, until sufficiently strong to be run off at 
the o\hcr end of the set. In England long pans made in one 
piece are preferred, and the first ^portion, nearest the fire, is 
protected by an arch, and the larger part of the pan-bottom 
behind this b)’ fire-clay slabs or metal plates. Such a pan is 
cle.scfiibcd fully in the .second edition, pp. (^64 and 665. The 
metal {ilates are covered .sometimes by a thin layer of sand, 
in order to communicate the heat evenly to the pan ; but this 
greatly hinders (he tramunission ofAicat. The pan is .stiffened 
ii^sidc by iron stays covered with leacf; and it is covered by an 
arch to carry off the vatioiirs .hito the open air or into the 
champcifs - the latter rarely. 

• On the Continent small pans arc generally used, of 5 to 
7 ft. length and width, and from 12 to 16 in. depth, of which 
from four to six form a set. They arc made of 15 to 18 lb. 
lead,v mostly by bending up the sides ^and folding over (not 
cutting ou{) the corners. Sometimes such pans, instead of 
being niadc of sUvet-lcad burned together, arc cast about J in. 
thick, llicy arc in'^ that case expo.sed to the fire directly, 
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without interposing irdh platej. This plan, howevjcr, is not to 
be recommended. Such cast-lead pans, being much thicker, 
are dearer than those mfide of sheet-load ; and^they are much 
more liable to have iin'^ound places,* which arc very soon 
eaten through. They^ are ^ften .set in steps about oi in. 
lower than the preceding one; in >>ther cases, howeKu, they 
arc placed with tfioir bottoms at the same level, but arc 
of different depths— the^pan wbich received the weakest acid 
being the deepest (i6 in.), and each following one a little le.ss, 
the last pan (for strong acid) being 12 in. deep. In this way 
the acid can flow from one end of the set to the other. At 
the Okcr Works a long pan divided into seven compartments 
of equal height and level is used ; the fire-grate is in the 
centre of one side ; and the flame first passes in the centre 
to the back, and then returns at both sides in front of 
the pan. 

The acid is .sometimes carried over from one pan to the 
next by continuously acting cup-siphon.s. Ihit as such siphons 
frequently cease to act in consequence! of air getting in, owing 
to the slow current and the small difference of level, an ove^r- 
flow-pipe should always be provided to prevent 1»he ]jans from 
running over. It is even preferable to re'place the siphiins 
altogether by overflow-jiipes, which take the acid fn^m the 
bottom of one |)an, and al^ow it to run on to the top of the 
next one ; but this arrangement reijuires very good {dumbing 
work to last without continual re[xiir.s. The chamber acid is 
constanfly runniiig into the first {)an in a regulated stil^am ; 
and the strong acid runs off from the last pan without any 
check — the siqjply being .so regulated that the pro{)er .strength 
is obtained. 

The {jan-bottoms ar^' alwa) s stayed and jirolected from*lJie 
direct action of the fire by cast-ir’on plates, which are thicker 
at the fire end than further off — .say, decreasing from 2 in^down 
to J in. Frequently, the first jjan, below \Wn'ch the fireplace 
itself is built, is protected by an arch. • 

MacDougalP (B. P. 21778 of 1895) employs jjerfomted ca.st- 
iron plates for .supporting the bottom, preferably in the shape 
of a grid with longitudinal and tran.sver.se rilks, leavijig diamond- 
shaped holes. This plan, according to th* Alkali InspecloAs 
' y. Soc. Othem. hid. {Abstr.\ 11^95, 14 , 158. 
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Report, Not 31, p. 5^, prevcijts locSl^ overheating of the 
pan-bottoms, which readily^ accurs with solid cast-iron plates, 
and the pans do n&t show any bficklifig, even after pro- 
longed me. 

Carulla ^ interposes a copycr-|Aite in. thick, between the 
lead and the ordinary i-iif. cast-iron plate, which, owing to its 
good conduction of iicat, very efficiently ^wevents local over- 
heating of the lead, without iiitcrferiig with the transmission 
of heat, . 

Opinions differ as to the way in which the firing of the 
pans should be arranged. ]*'ormerly, the usual arrangement 
was that of putting the fireplace under the strong pan, and 
allowing the fire to travel towards the weak pan, which re- 
ceives it last of all. In this way the greatest heat exists 
where it is most rcupiircd, since the concentration of the 
strong acid is more difficult, and its boiling-point higher, 
and since the cooled fire-gases .serve to heat up the cold 
acid. When the pans are .set terrace fashion, the fire takes 
its *most natural direction, viz., upwards. Practice, however, 
flours the opposite plan, namely, arranging the fireplace 

under the weak pan, so that the strong pan is furthest 

from the fire. In this case the strong pan, which is 

othervvise worn out very ([uickly, suffers hardly more than 
the others, and the evaporation stj]! goes on at a satisfactory 
rate, although there may be a little more fuel used than 

with the other arrangement, which is more rational as an 
evaphrating plant, but less adajited to tho. .special needs in 
this case. 

Bode gives the temperatures and strengths of the acid 
during concentration in «pans in which the acid and fire-gascs 
tr^VMlled in opposite directions. Set of four pans : — 


1 

<• AcUl Jluiiniiig in. ® 

Isti’an. ' 

i 

‘iml Pan. | 

Sni Pan. 

4 th Pan. 

Tcmperatif.c 20" 

52“ 

i 

120" 

138" c. 

Strength 106° . 


j 


144“ Tw. 




* /. Soc. Chem, InrC, 1893^'p. 15. 
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Bode cites also the temperature and* strength qf the acid 
/n a set of six ppiis, where the firv travelled in the same 
direction as the acid ^ — 


Acid liuunlng in. 

Ist PaTi. 

t 

1 2n<l r^jn. 

1 Srd Tan. 

4 th ran. 

1 iith Pan. 

1 Otli rail. 1 

(i) Tcmiieratiire 2^' . 

• 12“ 

150“ 

I (id" 

148° 

M 5 “ 

143*’ C. ■ 

^ Strength no'" 

115 

120 

• 

12S 

• 


140 

144“ 1 w. 

(2) Temperature 24“ . 

no 

M 5 


MS 

142 

142" c. 

Strength 1 10'" 

113 

118 

nC. 

134 

140 

144“ Tw. 


Here the hottest fire is the third ; so that the heat of the 
fire-gases is utilised inefficiently. According to his experience 
this set required more than 20 parts of coal to produce lOO parts 
of acid of 144'' Tw.; whilst in the set illustrated below, Figs. 8 
to 11, where the fire-gases meet the acid, only 15 to 16 parts 
of coal were used (on the avcrjigc of several years). For each 
ton of strong acid in twenty-four hours, about 20 superficial feet 
of pan-bottom may be reckoned; the whole .set, therefere, 
furnishes tons every twenty-four hours. 

Figs. 8 to II represent the .set of pans designed and 
constructed by Bode, where the fireplace is outside in order 
to save the first pan. From this, by means of a pan area of 
118 superficial feet and a fire-grate of 6h superficial feet, ^ tons 
of strong acid could be produced every twenty-four hours, with 
a con.sumption of 12 to 14 per cent, of coal. According to 
Hasencl^ver, it is^well to regulate the working of the pai^ by 
thermometers, in order to avoid any risk of damaging them. 

According to Scheurcr-Kestner,^ four pans* 6 ft. 6h in. by 
3 ft. Ii in. each, permit tlm^conccntration from 109’ to 152 TW. 
of sufficient acid to produce 3 tons of concentrated ;fcid djply, 
with a consumption of no more than half a ton of coal. * 
Jungc- describes the bottom-fired pans as used at F. s-iJferg. 
They arc about 6 ft. 6 in. long by 3 ft. 3 in. wiejp, and 8 in.*deep. 
They are supported by I in. cast-iron plates, and arranged in 
tiers, the fireplace being underneath the .strong bottom jjan, and 
the acid running in at the top pan. Thc.se pans furnish a 
uniformly strong acid,*and consume only two-thirds as much 

* Wurtz, Diction, de Chim., 8, 159. 

* Jahresber, Berg u. Hu item. Saeftsen,^ 1892 ; Z.^angew. Chem^ 1893, p. 61. 
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fuel as the steam ^ns. They sufkr, howev r, from the 
disadvantage that the first strong piin is quickly worn out 
Wolters^ (B. P. jSSj^ of 1893; Ger. P. 73^89) carries the 
evaporation in lead vessels beyond thetisual extent, preventing 
the action of the acid ^n thfc lead by saturating the acid with 
lead sulphate. An excess of this is put in acid, and kept in 
suspension by inet:hanical stirring. Most of the dissolved 
l?ad sulphate crystallise# out oi* cooling, and can be used over 
again. 

The Zeitzer Ih'sengiesserei " (Ger. P. 99768) employs a 
cylinder of antimony lead heated inside by fire-gases, and 
fitted on the outside with a number of antimony lead dishes, 
arranged .so that the acid overflows from each dish to the 
lower one. 

Lead Pans Fired by Waste Heat. 

Lead pans heated from below are now .seldom built as a 
separate unit, but as a means of utilising the waste heat 
from other types of concentrators — .such as the ca.scade system 
(see p. Ill) the\' have found very extensive use. The paws 
are built usuall)' on the flue behind the main ca.scade concentrat- 
ing plant, in order to make use of the heat of the fire- 
ga.ses passing awa)^ to the chimney, which would otherwise 
be lost. ^ 

Pig. 65 on p. 134 shows the arrangement in general u.se. 

About 25 .s(j. ft. of heating surface is required per ton of 
140'' T\v. acid produced. Hy this method weak acid cjfn be 
concentrated up to 140 to 144' Fw. in an efficient and economical 
manner. It is claimed that an increa.se in production of 4010 
50 per cent, can be obtained In’ feeding ca.scade ba.'jin concen- 
trators with hot acifl * of /40 1 w. as compared with *cw!d 
1 1 o'" Tw, acid. * 

Lead pans arc also used to utili.se the waste heat of pyrites 
or sulphur burners for the concentration rT chamber acid; 
but this practice is gradually dying out, as m#re efficient 
results are obtained by utilising the heat in the GloVcr tower. 
As the practice is .stijl in u.se (May 1921) in a few work.s, a 
description is included in this edition, d'hc pans, are not set 

* /. Soi\Chem. Ind. {Ads/r.\ 1894, A, 887. 

* fischersfakrcsher.j 1898, p. 3^8. 
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directly ovet the burtfing pyrites, no^ jsven with merely a 
metal plate between, but Sre^separated by .a brick arch. In 
most cases a ^js flue «is placed immediately over the burners, 
serving at the same tfme as a dust* chamber, on the top of 
which ^the acid pans arc placed? Sojnetimes, from fear of 
leakage* from the pans int8 the burners, they are not placed 
over these, but upon a continuation of the ga.f flue. Hascnclever 
even advises building a second gas tflue to be used durirfg 
the time* when the pans have to be repaired. The heat of 
the kiln gas in this case is not turned to account so well as if 



O’ 


the pans stood clirectly upon the burners ; and the latter plan 
can be emplo}'cd all the more safely, if the drnger of leakage 
into the burners is avoided, by providing the metal plates 
onp which the pans rest, with a flange all round and an 
nvergpw for any acid collecting* in it, like those used in nitre 
oven.s.» Leakages occur also less easily where the pans are 
very shallow, so tliat the dcptli of acid is only a few inches. 
On the othet hand, it Jias been noticed that sometimes, especially 
in .the ca*sc of poorer ores, the pans on the burners abstract 
too rhiich heat from these to be conducive to good burning. 
For this fcacon they have been abolished at the Oker Works. 

The diagrams,^ Fi|Ts. 12 to 18, represent pans designed 
by Bode, together vvSh the pyrites kKns used by him. The 
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* 

apparatus shown heref belongs do a se't chambers of 40,000 
cub. ft. capacity ; and each ^burner receivos daily 16 cwt of 
pyrites contapiing 42 per cent, of'' sulphur. The grate of 
each burner has a sifrface of 34-4 sq. ft. ; the grate bars are 



n i j Mtc 


I'K;. 16. 



Fig. 17. 

c 


elliptical, ^ in. by U in., each of them movable; the arch 
is 4 ft. *4 in. above the grate, with a spring of 7 in. The 
diagrams show how each burner caii^ be cut off separately. 
The ])an.s jirc 6 ft. 3 in. by 4 ft. 2 in. by i ft. 2 in. ; made of 
sheet-leSd weighing lb. per superficial foot. They supply 
daily, whbn lA tons^^of p)Titcs is burned, altogether 2i tons 
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of 144'’ Tw. acid {i.e. in excess of# the chamjper make); 

but, as it is necessary to evaporate 15 to 18 cvvt. daily fot 
the Gay-Lussac towpr, Uie excess causes no inconvenience. 
Each year three new prftis used to b(f put in, a pan never 
being left until actually buriiA^d thp>ugh, but replaced as soon 
as the lead had become thin — a jllan to be rccomnv?nded 
thoroughl)' in all cables. Tlie renewal only refers to the strong 
acW pans; those for weal^acid hardl)' injured at all. The 
former arc therefore much better mad{^ of thicker lhad — say, 



Fk;. jS. 


30 lb. to the su|)erricial fo(»l*in which case they last for about 
two years. 

Bode* gives tly temperatures and .strengths for a .scf of 
three pans heated by pyrites burners : — 


Aci«l nititiiiif: in f 

prcviouHly). 

1 

1 Istr.m. * 

‘Jii'l I’liii. 

.'!nl IVi. 

rcrniKinilure 70'" 


j 28" 

i 47 (:. 

M 57 " . 

Strength 106" 

• : 

lOC' 

125' (:. 

•;#••• i 

• 

144^ i'w. 


In the case of brimstone burners, it is equally •po.ssible 
to employ their heat far concentrating chamber acid. In# this 
case the burners arc not covered with an arch, bu^ with i-in. 
cast-iron plates ; an^ the shallow-lead pans are* placed 
immediately above tflest. 
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Zanner^ (B. P. ^79 of 1^2; UtS. Ps. 693635 of 1902; 
768108 of 1904) employe ci^st-iron pans lined with acid-proof 
slabs set in asbestos cement, in tha flues leading gases from 
the pyrites kifns, the temperature of whicn is about 400° C. 

According to informatic^n supplied by the inventor (1902) 
a sef^of two pans, 1900 400 mm.,^s capable of supplying 

4 tons of acid of 168'' Tw. per twenty-four kours from a mixture 
of 80 per cent. Glover tower jcid an^ 20 per cent, of chamber 
acid. acid obtained is clear, but slightly yellow, and 

the only expense is the cost of renewing the pan.s. 

P^igs. 19 to 21 show this apparatus. 

In the flue ((f), on iron bearers (c and /f), rest the cast-iron 
pans (r?), lined with stoneware plates (e), cemented with asbestos 
and silicate of soda. The size of the plates is chosen in such 
a manner that the joints are covered by the upright stone 
plates (,^^), which hold down the bottom plates in their places, 
and which cause the acid to run in a zigzag stream by the 
openings (/ i) — c/. sectional plan, P'ig. 21. The corners are 
setured by stones (//), so that no primary joints are exposed 
to the acid. The |)ans, covered by plates (0), with holes («), 
are protectc^d against flue-dust by caps (w). Where acid of 
96 to 97 per cent, is to be made, several pans arc combined ; the 
first of which has no stoneware lining on its bottom. The acid 
is fed by the porcelain-lined iron tube (//), and it leaves by 
the cast-iron li|) (X’), lined with ‘stoneware, passing through 
the brickwork (/). The steam and acid vapours pass along 
witk the pyrites-kiln gases into the Glover tower. K is best 
to provide a byc-pa.ss for the kiln gases, for the purposes of 
cleaning or repairing the pans. Zanner- defends his plan 
again.st objections made; to it by Hartmann and Iknker.^ 

nc^' patent has been taken ou^ by Zanner (sec p. 163) 
w*hich supersedes the above. Meyer ‘ describes these pans of 
ZaifTler, and gives details of results obtained in working them. 

t V^. R. Quinan*'’ (U.S. Pf 699011) constructs behind the 
pyrites kilns a “mixing chamber,” provided with an iron roof, 
covered .with infusoilal earth, or the like, which, near its top, 
lead^ to an a.sccndingly-inclincd flue, the bottom of which is 

’ /. Qhcm. Ind. (Abstr,\ 1902, 21, 476. 

^ Z, angew. Chcfitj, 1907, p. 8, * ^ Ibui.^ 1906, p. 566. 

* / Soc:Chcm, Ind., r903, p. 781. r ‘ ^ Ibid., 1902, p. 772. 
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formed of steps maV<^ of volvic lava.. These sjeps possess 
upwardly-extending Ranges at ^he* back and sides, and 'a 




downwardly-extending lip or flange at the front end, over- 
lapping the back flan^ of the ncjjt lower step. This inclined 
flue may be connectsed directly with the ^rst efiarnber, or, 
preferably, with the ""Glpyer jtower, from which the -acid runs 
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down the v^lvic steps, and arrives highly concentrated 

state in the mixing chambi^r. The paftial utilisation of the 


« « 



heatfofthc gases does not at all prevent their employment for 
working th;c Glover tower, and where ac^id is required of purer 
quality than can «be obtained from the Glover tower, it is the 
cheapest ihcthod. 
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Lunge ^ states that lIi^s coint^ination istcarried ov*^ in several 
places in America, where the G’ovv.r tower denitrates and 
concentrates all the acid destined for the vorking of the Gay- 
Lussac tower, whilst the acid for sale fs concentrated up to 
• 140° Tw. in lead pan.*^ placed on the top of brimstone 
burners. 

Proclss (U.S. Ps.tX)3 174, 963175 of 1910; 989537 of 1911) 
deSfcribcs an apparatus for* making concentrated sulphuric acid, 
comprising a denitrating chamber, a cimcentrating chamber, 
and cooling apparatus, conduits for passing burner gases into 
the chambers, and for discharging the gases from the chambers 
into cooling apparatus. Lead chambers receive the gases from 
the cooler. 

Newman (U.S. P. 1294525, i8lh February 1919). The acid 
to be concentrated, which may be of a strength of 140° Tw., is 
distilled, and the distillate is introduced into the flue system 
from the roasting furnace to the Glover tower, so that a 
sufficient amount of heat is derived from the highly-heated 
gases in the flue system to maintain the distillate in gaseous 
form. The distillate is recovered in the (dover tower, or in^ 
the succeeding chambers. 

Imlding (Ik P. 17602 of 1893; U.S. Jk 541041) constructs 
the pyrites kilns with hollow walls, by which the air pc^ssing 
through is heated, and can be introduced at will below the 
grates. The hot burner gases are used for concentrating 
sulphuric acid, b)' passing them first into a small tower, con- 
sisting of special!)^ acid- and heat-proof material (viz., vofVic 
lava), surrounded by a .somewhat distant lead shell, and packed 
with ejuartz. This tower is j)laced between the burners and 
the Glover tower, and receives the acid coming from the latter, 
which is here concentraftai to 168 'Pw. The gases first 
into this intermediate tower, and then into the Glover tower. 
Of course thi.s acid is not pure, h'or pure acid the concentratfon 
in the first tower is brought only up to 71 jxjr cent. 
is then run into iron stills (.see p. 144) where puj-e acid up 
to 76*33 per cent. SO3 distils over; while impure acid of 79-18 
to 80 per cent. SO3 (^7 to 98 per cent. H2SO4) remains ffi 
the still, together with a mud of ferric sulphate and arsenic. 

‘ Z. angew. Chem.^ 1894. 
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'^Ooncentrdting, Parts Heat*e?l by Steam. 

According to Ma^enclcver/ the idea of concentrating sulphuric 
acid by meahs of indi*-cct steam wars first proposed by Carlier, 
the manager of Messrs Curtis’ chemical works at Duisburg. 
(Hd ^seems to have overUoked Smith & Savage’s U.S. P. 41647 
of 1864.) After several trials at that works they ultimately 
employed wooden tanks lin9d with lead, 13 ft. square, on' ihe 
bottoni v)f which lie two lead coils, each of 150 ft. length, in. 



Fir.. 22. 


bore, and J in. thickness of lead, for conveyinj^ steam ol 45-lb. 
pressure: The bottom of the pans i,s shaped like a truncated 
fjyramid, for the purpose of more easily running off the 
condensed water ; .so that the tanks arc 2 ft. deep in the 
centiC and i ft. deep at tlje sides. The two ends of each 
steam-coil are connected with a lower-placed steam boiler, 
into which the condensed water continually flows. When the 
acid has arrived at 140'’ Tw., it is run into a leaden tank, through 
whfch a lead coil passes ; the fresh chamber acid runs through 
this cojl, &nd, in cooling, the strong agid gets a preliminary 
1 6, 504., 
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heating. With the at^fe appa^'atus 5 tfens of strc ig acid can 
be obtained from chamber acid of ido'’ Tw., cvcr)^ twenty-four 
hours, by the consumption of 9 cwt. of coals. Thj steam boiler 
requires only as much fresh water as is lost through leakage 
’ at the flanges, etc. It is^ad visible to place a wooden hood^over 
the steam tank, to prevent any danget from acid being sp’ashed 
about in case of a •steam pipe bursting. Owing to the low 
telhperature, no acid at i 4 \ is cMnporated ; the process is very 
cleanly and economical as to consumption of fuel and labour. 
This report of Hasenclever is fully borne out by Jk)de. 



Hasenclever ^ states the corrosion of lead to amount to 0 44 lb. 
of lead per ton of acid. ^The .steam pipes arc mostly acted 
upon in the places whert they dip into the acid, because 1.1^ 
dust accumulating there rai.ses by capillarity sonic acid above 
the level of the remainder, and this becomes too h^fily 
concentrated by evaporation. Since a lead yickct has been 
burned to the steam pipe at the place in question^ the above 
drawback no longer exists. 

Figs. 22 and 23 represent a similar apparatus, copied from 
Bode’s Gloverthurm.^ p. 27. The tank here meai^res 10 ft. 
6 ia by 14 ft. 9 in. at tfie surface, i ft. 4 in. dc^th in th^ centre, 
^ Hof incitin' s iteporiy 1875, 1,^85. 
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I ft at th€ sides; is*heated by stearfi JdF 37 db. pressure, and 
supplies in twenty-four fioiA's 5 tons of affid of ii4°Tw. with 
a consumptic^Ti of oilly 8 to 10 cwt.**; at# others, however, from 
15 to 18 cwt of coal f(fr the same quantity of acid. 

Xhc steam-coil must Ixv/c it valv^ both where it enters ' 
and where it leaves the pans, which should admit of being 
closed from a distance in case of the coif bursting. Both the 
coil and Uie return-pipe for cwndcnse#! water (for which a steam- 
trap should be provided) must be placed in such a way that 
the water cannot cause a stoppage anywhere. The lining lead 
weighs from 6A to 10 lb. per .superficial foot. It is very 
important to place the outlet for acid in such a position that 
the steam-coil remains completely covered when running off 
the acid, and is never exposed to the air, which would greatly 
injure the lead. After a year’s work the steam-coil ought to 
be replaced by a frc.sh one, even if not showing any outward 
damage. 

^ Some manufacturers avoid running the condensed water 
b«ack into the boiler, lest the latter should bo damaged by any 
•ttcid getting into it, or even caused to explode ; in such cases 
the abovc-itientioned larger quantity of coals is used. Bode 
points out that there is no danger of acid getting into the 
stcar» boiler, because in ca.se of the steam boiler bursting, 
the steam blowing off will prevent the acid from entering the 
boiler. The return-pipe must not end below the water-line, 
bu^ in the steam -dome. 

Dr Stahl recommends employing sleaiy of no more than 
30-lb. pressure, in order to reduce the danger of bursting pipes 
to a minimum. 

Several new steam* concentrat/ng-apj)aratus for sulphuric 
aerd have been introduced in connection with ice-making 
ap^watus, all of them founded on the principle of the multi- 
tubular boiler. We mention of the.se the apparatus of Kux 
((jer. P. 31277), Fig. 24. The upper part (a) and lower 
part (/^) arc connected by many lead pipes (r c ) ; through 
these and the outside pipe (if) the acid circulates. The whole 
system is surrounded by a shell (4), into which steam is 
introduced through /, the outlet being at The weak acid 
is introduced at //; the concentrated ^cid flows away at /; 
pipe k takes away*, the vapoui^s, anVl a water-pipe (;//) with 
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an inner pipe (/), pe^cfratecl t>y many# holes, condenses any 
acid carried over. * • 

Egells (Ger. I\ 3^162^) describes a vory similar apparatus, 
in which the tubes are f)lacc(l in a horizontal ^direction, and 
• special precautions arc tak»n p^L-ainst any sagging of the 
tubes (r). * * • ,* 

Kurtz (Ger. P. 3;^ 13) cmjdoys lead pipc.s provided with inner 
ii^n pipes. A combination of Jeaden pan with evaporating 
worms placed sideways of it forms the subject ot‘ a 'patent of 
the International Vacuum-lGsmaschinenverein ' (Ger. P. 38015). 



Kurtz (Ger. 1\ 3801. S) describes a steam-heated pan with 
counter-current. *• , 

Solvay & Co. (Ckr. P. 54730) ponnote mechanical circulation 
in such a pan by a mechanically driven .screw-wheel. ^ 

Junge - de.scribes in detail the steam-heated acid *pan.s 
employed at Freiberg. They arc flat-lx)ttoihcd boxes, lined 
with 5 mm. lead, about 10 ft. by 4 ft. 3^ in. and ^4 in. deep, 
with a coil of lead pipe, i J in. bore, in. thick, 184 ft. long, 
resting on loose piectis of lead piping. Six of these pans 

* Fischer’s Jahresber.^ 1887, p. 508. • , 

^ Jahresber. Fersi- u. Initten. in Sachsen^ 1892 ; Z.^ngeiv. Chem.^ *893, 

p. 61. 
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are combintd in a selpi, commuqicating* ^ overflows; the acid 
runs in at one end and* runs out at the pther. The steam 
pressure is not allovvtid to exceed 2^ atry. The temperature 
rises in the first pan ‘to 125 ', and ‘does not go above 128° 
in the last. The strength oj^he ficid ^entering at 110° Tw.) in 
the sue pans is respectively: 127° Tw., 132'' Tw., 

137'' Tw., 140' Tw., 143" Tw. Hence a‘ comparatively low 
pre.ssnre, far below the boilii'^(-|)ointt of the acid, suflices fbr 
concenti:ati(jn ; but this involves slower work and much more 
plant than concentration by direct firing. The cost of repairs 
is slight so long as the ap|)aratus is new, but subsequently it 
is very considerable. 'Flie thickness of the steam-coils corre- 
sponds to a strain of 60 atm. in the cold; in .spite of this 
they later on liecame bulged out and burst with a pressure 
of only 2,1 atm. This is cau.sed partly by the action of 
steam from within and hot acid from without ; partly by the 
gradual diminution of the tensile .strength of the lead used at 
that high temperature. Lead alloyed with per cent, 
antimony (hard lead) cannot be used, as it is quickly destroyed 
iiy hot sulphuric acid. This occurs chiefly in the places where 
the hard le^^^I is in contact with .soft (|)ure) lead, and galvanic 
action sets in ; but this is noticed only at higher temperatures, 
not v)^ith ai)paratu.s worked at the ordinary degree of heat. 
I he steam-pans are gradually very much impaired in their 
efficiency by lead-mud, etc., .settling between the coils; they 
then furnish le.ss and weaker acid. Hence their use cannot be 
recSinmended, except where it is aksolutcly^ncccssary' to avoid 
any injury to vegetation, which is certainly altogether excluded 
here, as well as any lo.ss of acid. JLit they arc far more costly, 
both to erect and to work, than dircqfly fired pans. 

^ Evers (Gcr. F, 176369) concentrates' sulphuric acid (or nitric 
acid, etc) in a vessel, on flic J^ottom of which there are two 
coirs,^arrangcd concentrically in such a manner that the heating- 
litjuid flows throl^gh them in .shccession. 

The Nrvsk Hydro-Klektrish Kvaelstofaktiesclskabet (Fr. P. 
459092) runs the ac'd through a tower heated by steam, and 
removes the water from the acid in three stages, by employing 
steam of 3^4, and 5 atmo.spheres’ pressure. Steam of 3 atm. 
producc.s acid of ‘65 to 75 per cent; .stelam of 4 atm., acid of 
74 to 80 per cent. ; af^d steam of 5- atm.* acid of 80 to 85 per cent. 
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According to the S\^dfs Patent (No. 6^34) of the^ame firm, 
dilute sulphuric acid^is conccntratefJ*by distillation, treating the’ 
vapours with a drying ag«nt in a drip apparatus. A cooling 
agent is employed at leasf at one point, betwceif the still and 
• the outlet of the vapours, in suc\^ a way that the temperature 
in the drying zone does not excccct the boiling-point gi* the 
dilute acid. * 

•Pritchard and the linked Allyili Company ' (B. P. 29542 of 
1913) describe a tubular apparatus for concentrating Sulphuric 
acid by means of steam, in which the joints between the pro- 
jecting mantles for the tubes and the lining of the evaporating 
vessel, are not exposed to the steam circulating in the tubes, 
and where the joints of the tubes with the vessel are not in 
contact with the acid. This patent has not been proceeded 
with on a working scale. 

Although the process of concentration by steam furnishes 
a very pure acid, it has not been found economical on a 
practical scale, cxcc])t in connection with the recovery of 
sulphuric acid from the sludge acids produced in the refiniilg 
of mineral oils (see p. 290). 

Quality of the Lead for Sulphuric Acid Pans. 

W. B, Mart ’ discu.sscs in detail the influence of the physical 
condition and chemical constitution of the lead on its durability 
for pan«concentration of .sulphuric acid, lie .summarises his 
conclusicfns as follows. Lead failure can originate both f-a^m 
chemical composition (due to im|)erfect desilveri.sation or final 
refining, or to the presence of bismuth, or dross, or oxide) and 
from the physical conditicyn The effects of impurities arc as 
follows : — 

1. Physically, by the formation, of alloys of low fusibility 
and consec]ucnt local perforation of the lead, most likely ou^'ng 
to the presence of bismuth or tii'w By leakage and con.seflu(^t 
concentration ; in such ca.scs the action may extend even to the 
lead itself 

2. Chemically, at certain stages of the concentration, by 
strong .sudden action, due to the presence of AI, Sn, or Zn, and 
by slow action to the fircscncc of bismuth. 

' /, Soc. Chem, Ind,^ I 9 i 4 ,l 3 . 120f. ^ /. Chcifi, Soc.^ 1907, pp. 504, 
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3. Chemically, byj:he increased action of the acid on the lead, 
•owing to the physical condition of the impurity, especially Zn. 

4. Slow elcctrol)4tic action may jict up* with the deposition 
of certain iiApurities,, which may accumulate and then set up 
physical and chemical action. ^ 

y. Antimony may luv4^ a strong and harmful chemical 
acti(jn, whilst cop|)cr, arsenic, and silver rhave little effect, and 
copper may even be useful under certain conditions. Byocn- 
stant use cop[)er will be slowly dis.solved, and its corrective 
effect f)n otlua impurities is then diminished or lost, so that, 

bismuth can e.xert its influence more freel\'. This explains 
the failure of lead pans wliich have previously given good results 
for a long period. 

6. Ihire lead, under normal pan conditions, is undoubtedly 
less affc'cted than the impure metal. 

Failure from ph}’sical conditions ma\' be due to faulty 
remelting of the lead, by use of unsuitable casting tempera- 
tures, and i))' sc'vere pressure in tlu! rolling operation, in the 
fciJlowing wa\' : - 

1. I’rodiutiou of a loosi* cpvstalline structuri', b\' casting 
**’the metal at too higli a tc'mpc'rature, causing leakage aiKl 

concomitant results. 

2. By .severe pressure during rolling, production of a lead 
.surface more su.sce{)til)le to attack, either temporar\' or constant. 

3. Strong acid action in the temporary, physically altered 
form of lead, bedbre the annc'aling effect can take place, explains 
th^Jailure of [)ans which have been in u.se for a limited period. 

4. 'rhe effect of altered pliysical conditions will extend even 
to lead of an exceptionally pure cliemical com[)0.sition. 

Barrs’ has investigated the intluencc of impurities in lead 
when hcAted with concentrated .sulphuric acid, and has found 
that an increase in the purit)’ of the lead renders it more 
re.s.\stant to attack b\^ acid, even u[) to 2vS(V , but recommends 
tl^p addition of 002 to 00,5 per cent, of copper to ensure 
obtaining the maximum resistance. 

Jones - gives the re.sults of experiments carried out on the 
bdiaviour of chemical sheet- lead when heated in sulphuric acid, 
and concludes that, in spite of the fact that copper can function 

’ /.'ih'oc. Cht'm. I mi. {Y'rans.), 19V9, p. 407. 

' - /. Soi .fC/u’/n. hid. (7'ir^j/u.), ji92b, p. 22 1. 
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as a corrective agent and will counteract the injurious effect of 
antimony and bismutn, the purest^?ead is the most satisfactory 
for acid work. Pure lead is obtainable which withstands the 
action of hot concentrated sulpliuric acid fvithout being 
instantaneously dissolved wl^^n Ijeatcd beyond 300^ C. 

MacKellar/ as a resTilt of plant' itx peri inents extendig^j over 
several years, concUidcs that the protective value of copper 
fmr chamber sheet-lead l^as beei^ greall\' exaggerated. 

Lrmi I'estifiii’, 

The author is indebted to \V. A. (‘alder ol Messrs Chance 

Hunt for particulars of the method by which all samples 
of chemical lead arc tested before purchase. The method has 
been emi)l(^}’ed by them for the past eight years, with very 
satisfactory results, and was adopted by the Ministr)' of 
Munitions during the war. 

1. The samj)les are first placed in order and the particulars 
checked; at the same; time tlu; sample's are examined for any 
flaws, etc. If the:y are' found damaged, a note to that effect 
is made. 'Phe particulars are then ce»pied out into a book. • 

2. lo'om each sangile threM* sipiares (approx. “in.) and one 
di.se (approx. :J in. diamete-r) are cut ; a small h<*le is jiimched in 
each sepiare by which to suspend it. The disc is filed perfectly 
smejoth anel round, and all syles should apjiear the same. 

The three s(|uares are one e-aedi for K.O.V., mixed acid, and 
nitric tef^ts, the di.se for tlic aqua regia te.\st. ^ 

3. I'he R.().\>, rnixeel acid, anel nitric acid tests arc carried 
out at the same' time. 

The slr( nj.;lh of 1 \.( ).V. shoul^l be 96 per cenj. It_,S()^. 

,, ,, Nitric Aciej slTould be 91 to 92 per cent. H N(i», 

,, ,, Mixed Acid sliould be 40 per cent. UNO,, 52 per cent.* 

I]._,SO,„ and 8 pcr.cent. H^O. ^ 

The R.O. V. and Nitric Acid Tests. — Take.tliree bcakdrs {or 
silica dishes if a large number eif leads arc to be tested) and 
suspend the lead .squares by means of gla.ss hfx>ks supported 
by glass rods laid acro.ss the tejp of the beaker. Takc^care 
that none of the lca?ls touches each other. Make a chart 
corresponding to the •positions of the variou j^ samplcj# in each 
‘ /. Soc. C^em. Ind, {Trans.), p. 139. 
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beaker, so if anytone sample shouW be attacked, it can 
be removed and the numbdi; marked oif on the chart. Now, 
into the first beaker put a sufficient quantity of R.O.V. to well 
cover the samples. Into tlic second, a li*kc amount of nitric 
acid, and into the third, a like^amgunt of mixed acid. Suspend 
a theripometer in each bca^ijr, and heat the beakers by Bunsen 
burners. « 

(a) Carefully observe the ^CO.V. t^'st to sec if any samp/lk 
are violctitly attacked up to 240', after which continue 
heatin^^ to 245", and then .stop the test. 

(/f) Observe the temperature at which the nitric acid and 
mixed acid te.sts commence to boil ; continue boiling for a 
quarter of an hour, and observe the temperature at which it 
boils after the tpiarter of an hour is u[). Stop the te.st and 
examine each .scpiare to .see if any appreciable action has 
taken place, 

(c) If any lead fails either of these three tests, a duplicate 
should be done, and the failure not(‘d in the report under the 
hcciding of “ R.O.V.,’* “ Nitric,” or ‘‘ Mixed Acid,” as the case may 
^e, and also under its number in the a(]ua regia test report. 

77 ie 'fest . — The acid is made up as follows: — 

'I'ake [ volume muriatic .'K id 28 'I'w. 

• „ 2 „ nitric „ 100 'I'w. 

„ 3 „ water. ^ 

Place the water in the fla.sk first, and then add tl^e nitric 
acilft; cool to room temperature and then add, the muriatic acid. 
Mix thoroughly and place in stoppered bottle.s. Make the acid 
twelve hours before use, and keep in a cold place. 

The filed discs are stamped on ^♦nc side with the reference 
number; washed for a few minutes in fo per cent, caustic soda; 
then well washed with watei* and dried in a clean towel. Three 
hundred c.c. of the aqua regia are placed in a 600 tall beaker 
standing on a gauze-covered tripod. Two discs are supported 
by a glass, cradle in each beaker, and a thermometer (¥,) 
suspended on a level with the leads. Heat the beakers by 
Bilnifcn burners, keeping the temperature of the several beakers 
the same. ^ Make a note of the time i6o’l". is reached, and 
continue* the heating cautiously, so that*it takes two minutes 
for every registered. When is reached, open out 
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the burners full so th^t^the m^iximum temperature 228° F. is 
reached in a few minutes. During^‘this time (from 160" F, the’ 
leads must be constantly sirutinised, and the time that the first 
spots of lead chloride appcitr is notecf for each Icarf) the scrutiny 
•is kept up until vigorous aotion| commences, and that time 
is noted. The test is standardised *for twenty minutes, from 
the time 160'’ F. is reached, and this lime must be kept to. 'At 
tll^cnd of the twenty minytes lift, the discs out and plunge into 
water, wash well, dry and c.xamine each disc, taking into account 
all the data observed when qualifying the lead. From experi- 
ence, the aqua regia test has been found to give an excellent 
guide to the probable durability of the chemical lead, and is the 
one on which chief reliance is placed, so that the other tests 
have fallen somewhat into disuse. 

Concentration in Glass Retorts. 

The shape of glass retorts used for concentrating sulphuric 
acid was introduced by Messrs ('hance Bros., of Oldbury, near 
Birmingham. They are shown in Figs. 25 to 27. (d'his, together < 
with Figs. 28-29 taken from Ro.scoe and .Scl^orlemmcr’s 
Chemistry.) Thc.se retorts consist of two separate jiarts — viz., 
a large bottle {< 1 ), with a neck at the top, into whicli (its a 
loo.se head (c), whose other end enters an aperture in a lead 
pipe or tunnel (/’), running all along the retort house, and 
ultimately connected with a chimney. Ihe bottles (<7) are 
blown of thin gkyss, as evenly as possible, about 3 ft. high 
from the bottom to the top of the neck, and 1 ft. 9 in. diameter. 
They rest on a flat metal sand-bath (/^i, and are jirotcctcd from 
direct contact with the fiaipe by the round fire-clay ^slab (/). 
In the pi{)c (/’), which conveys the condensed acid vapourj^ 1^) 
a collecting-tank, there is always some .suction produced by 
the chimney draught at the other end ; therefore the hcfj^ *(c) 
needs no cement to connect it \\^th the bottle, as no vapoiifs 
can get out, only air being able to enter. Thjs is very 
important, as the head (c) has to be talcen off and put on 
each day. The above-mentioned suction has also this effect ; 
that retorts may continue to work with cracks in tjieir upper 
parts, provided such ci^cks do not reach dow n to the level of 
the acid in the bottle. ^ 




together, as seen 
pans, from which 
of 144' Tw. On 
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this pipe are fixed loUgf thin lead pipes*(r/ d) (Fig? 26), which 
are bent down at well, in order to fill the single retorts, i i are 
cooling pots for the. strdng acid Jrawn ofl, fr(jni which the 



IMG. 27. 


carboys are filled. The floor is made a little sloping,, so that, 
in case of a retort b/eaking, the acid runs iiito the j^utter 
and from this through pipe into cistern {h). 
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fitting windows and decors ^ only one doot is opened 

at a time, the othey* being shut s#, tliat no draught (the chief 
cause of the bottles graclfing) can pntcr. * A retort-house with 
twenty-four retorts can turn out about 5 tons per diem. The 
• work is carried on in tjds w^y : iThc distillation goes oji all 
day long, and is fmi.shed in the evening. During the* night 
the acid cools dowh to some extent; in the morning the 
iflfort-hcads are taken (df, and# the acid is drawn off by 
siphons of thin lead tubing with a very narrow orifice. The 
siphon is filled with cold acid, and the narrow opening closed 
with the finger ; the siphon is then put in quickly, and the 
finger at once washed with water. Sometimes the acid is thus 
drawn directly into glass carboys, but it is better to employ a 
series of cooling pots, as shown in Figs. 26 and 27. A small 
portion of acid is nece.ssarily left in the rctort.s, and this is 

useful in refilling them with warm acid of 144” Tw., as it 

prevents cracking. 

Fehrmann ^ describes the glass concentrating plant at 

Mulheim on the Rhine. The retorts had a similar shape to 

those used in khigland. The construction and working of the » 
Mulheim plant have been very minutely describcct by Luty,^ 
which should be consulted for further information. 

A great improvement on the old |)lan of intermittent con- 
centration in glass retorts is the continuously acting plan of 
Gridley, patented as a communication by II. Chance (B. B. 
1243 of ^1871). Several retorts are placed terrace-wise in an 
obliqucly*ascending furnace, and arc connected by siphons, so 
that the top retort is fed by frc.sh acid, which, after being 
concentrated to some extent, flows into the next lower retort, 
and so on. The lowest retvrt is placed in the hotte.'^ part of 
the furnace. A retort is shown in detail in Fig. 30. a is the 
head, connected with a draught-pipe common to all retorts, 
by which the vapours are conveyed into a small leaden ri)ke- 
packed tower, and condensed by water. At d there is an 
opening in the shoulder of the retort ; into this the funnel 
passes by which the acid enters the retort ; c/ shows the level ^ 
of the acid ; e is the tubule attached to the retort, by winch 

’ Fisher^s Jahresber.^ 1886, p. 263. 

* Z. angew. Ckem.^ 1892, x 385 ; translated J. SocT^Chem. /nd.^ 1893, 
p. 153. 
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the acid leaves it, aftd ff shew thc^'^lass connectors which 
convey the acid from one ittort to another. The retorts are 
set in sand in shallow iron pots {g\ I'our beds of retorts — i.e. 
sixteen retorts, will produce 600 carboys from 6 AM Monday 
till ,12 noon Saturday, equal to '46 tons, with an average coal * 
consmnption of 28 lb. per carboy of 175 lb. (equals 16 per 

cent.). The retorts arc worked 
wby twoBinen (day and night turns) 
and two labourers. 

The [)rocess has been further 
improved at the Oldbury Chemical 
Works by using ordinary coal-gas 
as a heating agent, burned in a 
liunsen burner underneath each 
retort. This has largely increased 
the output and decreased the 
labour and breakage. The gas 
^ ^ consumed is stated to amount to 

l iG. 30. rather less than 3500 cub. ft. per 

‘ ton of acid of sp. gr. 1-84. 

Fig.s. 3’i to 33 show the way in which lour retorts are 
combined in a set which is fired from a common gas pipe. 
The retorts are fired first till all the acid in each of them 
has attained full strength; then ^esh acid of 144" I'w. is run 
into the top retort, whereupon the connecting overilow pipes 
work, and the acid flows from each retort •into the 
next lower one, and from the lowest into Oo cooler, from which 
it can be filled into carboys ; this jirocess goes on day 
and night. 

A gjeat advantage? of the Gilldley-Chance plan is this: 
tJhat it requires no retort-house, kept at the temperature of 
a, Turkish bath, like the olcj plan. It is only necessary to 
enclose the four retorts themselves in a glass case, similar to 
ttic vapour houTls to be found in every chemical laboratory, 
in order to protect; the retorts against draughts. The glass 
. case is connected by a pipe with a small leaden coke-packed 
tower, which communicates with the chjmney ; any acid vapours 
escapinjT f-om the retorts arc condensed here. 

Breakages Cbcur rarely; but, in or^er to provide against 
this contingency, the bottom of each fireplace communicates 
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by a pipe with ati uiKicrgroupd tank in case a retort 
breaking;, the <iei(l flows into the Acid contaminated by* 

suspended or dissofved i^jipnrities is not* easily concentrated 
by this system, as it ^aus*s much Itreakav^e, and! the strength 
• of acid attained by tfiis ])iocc^ss (j|)es not exceed 92 to 93 per 
cent. ILSO^. * 

Carulla * describe^; an im[)ro\ed setting for glass retorts, 
\irf£iLt:h tends to reduce acciflents in^ease ol breakage 

Bowen (B. 1 *. 2035 of iSS3) describes an apparatus in which 
the vapours from each lower retort j)ass into the next higher 
one. 

Veitch (B. I’. j()Oi of 18S9) em{)lo\’s t 1 at*bottoined retorts, 
arrangcfl one above another on a ste|)ped terrace within a 
tapering tircdhie commc)n to all, the fire being placed at the 
lowest and widest end, and the Hue narrowing u])wards. The 
acid enters in a regular stresun, travelling through the whole 
scries. All the retorts are *‘asil\’ visible. 

Benniman (U.S. B. 4^9439) em])loys in a set (»f retorts 
arranged stef)-wise, a •urrent of air, which keeps the ackl 
agitated continually, and so prevents their breaking. 

Schofield (B. B. 19780 of 1891 ) describes retorts^having the * 
lower hali com|)o.sed oi glass, an«l the hood of any suitable 
material. 

1 he sul[)huric acid vapours lormed in the rectifying process 
in glass retorts should in nt) case bt' allowed t(j get into the 
chimney. 1 hey arc ])arll\' condensed in the conducting pipe 
itself ; il^ter issuing from this they should ])ass through . 
small Coke condeifser, flushed with water, l)efore entering the 
chimney to wash out all tlu.* acid, d'he 2i.\7 yl/i'a/i Inspector's 
Report, p. 45, de.scribi:s the following arjangement. The necks 
of the retorts jiass into a'h’ad trunk, set on a level, whose 
bottom is dished with an upstand id 3 in., not burned to \hc 
sides. When the gia.s.ses start ]jf)iling, a small stream of waiter 
is set running at the end of the^trunk nearest the cond(^is(^r, 
travelling in a contrary direction to the vapours; at the further 
end it runs out at a lip, as acid of loo'" T\w I'he pfan is very 
effective, and only a small scrubber is required to arrest all tho ♦ 
fog of acid vapour csca[]*ing from the trunk. * 

Prior to 1914 there^was a number of works in K?ig|^nd still 
' J. !SoL .mClh’in^Inii.^ >720, 21, 226, 
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using the ^independept retort systeri^ of concentration, and 
their use is noted on page ^82 of the Aikali Inspector's Report 
for 1915, and in S:otland in the Alkali Inspector's Report 
for 1918. f 

According to information supplied to the author on ex- , 
celleint authority (May the concentration of sulphuric 

acid in independent glass retorts is carried on still in works 
where pure acid free from iron and lead is essential. > 

Purc'A.R. acid is manufactured hy fractional distillation, in 
glass retorts over an open fire, the neck of the retort passing 
into a suitable receiver. Latterly vitreosil retorts have been 
employed for this purpose, and bumping reduced by the passage 
of a slow current of air through the liquid. 


OoDcentratlon in Platinum Stills. 

The arrangement of platinum stills employed formerly is 
very fully described and illustrated in previous editions of this 
work (first edition, pp, 526 ct seq, ; second edition, pp. 695 et seq . ; 
fourth edition, pp. i\ 2 cj et seq.). A number of data referring to 
the sizes, fosts, and outputs of these stills is also given in 
previous edition.s, which should be consulted for detailed infor- 
mation. Owing to the steadily increasing rise in the price of 
platinum, the use of thcvsc stills has been abandoned almost 
entirely in favour of less costly fokms of concentrators, but, for 
the .sake of completeness, a short description is given below. 
*-%e latest types of platinum stills arc those of Pr^’ntice or 
Delplace. 

The system ©f Prentice (Figs. 34 to 36) contains, in the place 
of the former circular^ stills, one of rectangular shape — say, 
3 ft. by I ft. 6 in. for 4 to 5 tons’O.V. per twenty-four hours. 
Tne acid enters at the back and runs out in front by an over- 
flow. A still of this kind weiglis about A cwt., and may be used 
in conjunction with platinum epans with corrugated bottoms, as 
shown in F'ig, 34, or with ordinary lead pans. The favourable 
effect proc^uced by ‘ Prentice’s plan is due principally to the 
torrugated bottom of the pans, which increases the heating 
surface in the proportion of 1-57 to i. " Information regarding 
these stills, as used at the Griesheim v^orks, will be found in 
Ckem. Ind.y 1878, pp. T13 and 194; 1879, P- 
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The system of (Ger. P. 23159 of ♦889), which 

was introduced ii^o some ^of the kirgest works, is shown in 

Figs. 37 to 39. , • * ^ 

In this apparatus two skills (A and H) are combined. 1 he top 
still (A) is fed with acic^of 144“ 'Av.^and the distillate from the 
still (B). The latter, also of platiiAim, carries on the concentra- 
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tion to the highest attainable p‘f)int, even up to 98 per c#nt. 
H2SO4, if needed. C C are heads and arms with outlet at E for 
the strong distillate ; the weaker uncondensed vapour go^s 
away at E. F is a^ bottle-shaped cooler for receiving the 
concentrated acid from the stills. G is a lip attached to the 
first still for receivii/^ the acid from the IctiJ pans,* and the 

* • • • • 

* J. Soc. Chem. Jnd., 1884, f . 107. 
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djstillate from B B. H is ^ tufte for i*e<ieiving the condensed 
distillate and carrying it badk to A A. I this apparatus the 
acid may be bijought to 79 Jo 80 per tent* SO3, or 97 to 98 per 
cent. H2SO4. Instead of lead coolers, the distillate is condensed 
by a»platinum tube 2J in.^wfde, tvhicl^ is cooled by water for 
a lengfh of 5 ft., which permfts condensing acid of any strength, 
free from lead. The cooling of the concentrated acid is done 
by an upi;ight platinum cylinder startling in water. The aad' 
enters at the top and leaves it at the bottom ; the water enters 
the outer vcs.sel at the bottom and leaves it near the top. The 
following advantage is claimed for the rectangular shape of still, 
that in working for the most highly-concentrated acid, the ferric 
sulphate cannot collect in the opening of the discharging pipe, 
which happens generally with the older type of apparatus ; the 



distillate is said also to be weaker, |he output larger in propor- 
tion to the evaporating surface, and the consumption of coal 
NNiialler than with the round shape. The apparatus is supplied 
by Messrs Johnson, Matthey & Company ,c Hatton Garden, 
London, W.C., by weight, at market prices for platinum. The 
weight of one boiler is about 50 lb. ; head, condenser, and 
cooler together about 17^ lb. With this 5 tons of 93 to 94 per 
ceftL: IL^SO^ arc made in twenty-four hours, and double this 
quantity with a two-boiler appa;*atu.s, 

,, Id a private communication to the author, Messrs Johnson, 
Matthey & Company state that the Delplace system has never 
been surpassed for this form of concentration, and it was only 
'because of the introduction of the anhydrous system that these 
boilers were almost universally abandoned. The last new plant 
supplied, by them was during the year 1914, 

The shallow^ still supplied by the Pa/js firm, F. Desmontes, 
Lemaire et Cie, is shown in Fig. 40,^and this is made generally 
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with a bottom fitted w«tR concefitric, parthions, whiA force the 
acid to travel through the stiji in citcuitpus way, as indicated 
by arrows, and ultimarf;ely*to flow t^irough pipe d, as shown in 
Figs. 41 and 42. In orSer to utilise the fuel to the best 
advantage, many Frencl^ firmS em^l(^ the oblong shape sliown 
in Figs. 43 and 44. • 



Fig. 4 *- 



Fig. 42. 


For concentrating acid up to 97 to 98 per cent. HgSO^, fwo 
stills must be combined, each of fliem heated 4 Dy a separate ffre, 
but where acid of only 92 P®*^ cent, is require^, the stills 
may be placed on the same fire, thus saving both fuel and 
labour. ^ • 

Scheurer-Kestner ' gives data concerning the difference 
produced by workin^*with a Desmontes’ still, ^st without, and 

1 Bu//. See, ltid*Mulhouse, 1892, p. 321. 
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then with, Concentric ^mrtiUon. 4 — the ^i^ being forced by the 
latter to remain long(jr in the* stills in the pr^iportion of 48 : 62. 


f • 

1 

Mal^ in 24 hours . . . 

ConcefltraLion of acid . . . * . 

Average strength of distillate 

Weight of ditto 

Weight of ^corresponding ILSO, . 9 

Percentage of acid distilled . 

Weight of coal used . . . . 

Weight |>er cent, of concentrated acid . 
Water evaporated . . . . 


-.41 


1 

Witboifc Partitions. 

Witli Partitions. 

‘5136 ’kilo. 

6632 kilos 

92*5 % 

92-5 % 

60-4'’ 'I'M 

16-6“ Tw. 

2160 kilo.s 

2160 kilos 

8it* „ 

216 „ 

15-8 % 

3-2 % 

1100 kdo.s 

1100 kilos 

21-4 % 

16-5 % 

1344 kdos 

1944 kilos 


Fig. 43 . 



Fig. 44. 


Loew ^ /^iv'cs some calculations with respect to the work 
done by conccpSratin{j apparatus for sutphuric acid. In the 
’ Chem ,^ 1896, p. 259. 
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case of platinum stills^tfic worj done is»in inverse^ proportion 
to the strength of. the acid distfHifig c^f; the stronger the 
distillate, the less conjentfated acid^is produced, although even 
more fuel is consumed in tlie former case. ^ 

• Any contrivances, Iji^e Prentfce's corrugated bottom^ or 
partitions, inside a long still, which reduce the mixing C)f the 
dilute acid entering ^ftid the strong acids leaving, are useful also 
in*this direction. • • 

The method of firing platinum stills is of the 'greatest 
importance, not merely so far as economy of fuel is concerned, 
but even to a greater extent where it is necessary to manu- 
facture acid of a regular and high degree of concentration. 
Ordinary hand-fired grates will do <|uite well where the acid 
need not exceed 95 per cent, H,,.S(),, and the waste heat may 
be utilised for bringing up the chamber acid in lead pans to the 
strength required for feeding the .still -say, i.p"Tw. but 
where acid of 97 to 98 per cent, IhSO, is required regularly, it 
is much better to adopt a plan ensuring great regularity of heat. 
This is easy to understand, for with the very shallow depth of 
acid employed gcnerallj’ in this type of a|)paratus, a slackening , 
of the fire will tell instantly upon the concentration. 'Assuming 
the feed acid to hoof uniform strength (a necc.ssary condition 
for continuous work), it .stands to reason that the strength of 
acid run out in a continuous |)rocc.ss must vary with the heat 
employed, and that consequently that heat should be as 
uniform.^as po.ssible. No ordinary fire-grate will fulfil this 
conditioi?; this m^ be done by efficient mechanical stokcr.s, but 
the best method for attaining this end is the employment of a 
good gas-producer. One of the most efficient' for the i>re.sent 
case seems to be that of G^I.iegcl of .‘^tral.sund, bru.siya, which 
has worked satisfactorily for many years with platinum stiUs, 

(This producer is fully illustrated’ in the fourth edition o 
1140.) 

More recently the high-prc.ssufe gas-producer of Zahn (Ge*r 
Ps. 190660 and 237238) has been adopted^ with good success 
for concentrating plants (especially with Ke.ssler and Gaillard 
plants. See pp. i68 an(^ 195). *' 
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Oonoentration in Platlnunf Dishes Vith Lead Hoods. 

• • ^ 

Faure and Kessler^i System. 

t . • • 

With the ever-increasing^ rise in the price of platinum (see 
p. 1^2), attempts were mac\p to re(!lucc ks use to a minimum, and 
stills ’^cre constructed on th6 principle of combining a platinum- 
bottom dish, as the only part of the still coming into conta^ 
with th^ hot concentrated jfcid, wit 4 i lead covers cooled with 
water. ‘ 

The most successful of these new stills was made by the 
firm of Faure & Kessler at Clermont Ferrancl (see also fourth 
edition, p. 1 141), and the following description has been supplied 
by the proprietors of the patents, Messrs F. Desmontes, Lemaire 
et Cie, of Paris. 

45 gives a general sketch of the apparatus on a scale 
of is the platinum basin, with the lead bell which 

will be illustrated and described in detail further on. The 
cyiute acid condensing on the sides and top of the bell runs 
away through pipe c. The uncondensed vapours pass away 
through pipe d, which bends downwards and dips into the 
condenser c. 1 he acid formed here, after passing through 
the hydrometer cylitider/, runs away through together with 
that from c. The cooling-water for the bell enters at h, that 
for the top cover at /. The con4'entrated acid runs away at 
k into the cooler /, and from this through m into carboys, etc. 
The fire of the fireplace n pa.sses cither underneatlj* another 
or even a third platinum basin, each of thesn placed so much 
higher than tl\c preceding that the acid can run from one 
to another, or else directly under a set of lead evaporating- 
pans, in*vhich chamber acid of io(/Tw. is brought up to 142®, 
tke proper strength for fccdjng the platinum basins. 

* Fig. 46 gives a detailed drawing of the dish and bell, on 
a^ s«ale of iV (i is the platinum basin, the size of which 
must be proportionate to the production intended. In order 
to stand the work. for a considerable time, it should not be 
.too thin ; it is necessary to calculate from 2 9 to 3 kg. of 
pl^inum to each ton of 94 per cen^. acid made in twenty- 
four h^ure. For instance, a basin capable of turning out 
5 tons of stir^^ng acid per twcnty-foilf hours weighs from 
I4‘5 to 15 kg., and lias a diameter of o-88 m. (= 2 ft. loj in.); 
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for 7 tons of acid it iwfiuld w<?igh, 20 Or 20 5 kg., with a 
diameter of i*o6 mi (= 3 ft^ tn.^; for il tons of acid 
6*5 kg., with a diameter 0^060 ni.*(= i ft. iiLin.). The 
rim of the basin is shaped like a hydraulic lute, with 
outlet tube c for the dilute acid coi^^ensing on the sides ^of 
the leaden bell, this rim is Supported by a cast?iron 
r^g, /. Further, there is an outlet tube, for the strong 
acid, and a supporting ring, e (elf cast-iron), for tlu; lower 
part of the basin. The basin is surmounted by a leaden bell, 
formed of a double-walled cylinder, and a double- 
walled conical hood, /i /i. The cylindrical part is supported 
on the outside by three iron stanchions, i /, and an iron hoop, 
k k (40 X 5 mm.). The piece*; i i end at the top in hooks, 
which serve for suspending the bell g by means of chains. 
The diameter of the cylindrical part is 0*870 m. (-- 2 ft. 
loj in.) inside and 0*940 (=3 ft. i in.) outside. The inner 
shell has a thickess of 5 mm. (say, 1 1 lb. per superficial foot), 
the outer 3 mm. (say 7 lb.). Iron rods, / /, half an inch thick, 
held by means of straps m form a skeleton frame for stiffen- 
ing the inner cylinders ; they are from 3 to 4 in. apart. The 
pipe n serves for introducing cold water in the bottom of the 
annular space between the two leaden cylinders ; pipe 0 con- 
veys the partially-heated water into the annular space of the 
conical hood, q q, and p is .t]je outlet for the hot water from 
the latter. Pipe r lets off the air escaping from the cooling- 
water dutfjng its passage through g g, and pipe s serves for 
the same purpose i* the hood q q. The uncondensed vapours 
are taken away by pipe u suspended from the roof. Some 
other illustrations of this system arc given in our .second and 
fourth editions. % * • 

A weak part of the apparatus consi.sts of the lead hood*', 
The Chemische Fabrik Rhcnaijia (Ger. P. 64572) makq^ 
these hoods of a long coil of lead tubing, burning the wfills 
together, so as to form a tight bell, within the* walls of which 
the cooling water circulates. This system, an.swers n^cry well 
and has been introduced at a number of factoric.s. 

The principal featur# of the work with the P'aurc arid 
Kessler stills is this — that the acid, coming hot from the 
leaden evaporating pauS, continuou.sly run into^hc platinum 
basin, or the first of a set of^two or three? such basins, where 
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it stands^ in a very shallow , layer •(^ or 3 in, deep), and is 
exposed to the direct • action of the fii;c playing upon the 
whole of the bottom of^ the d*ish? TJiis causes such rapid 
evaporation ^that the acid, issuing at the side opposite to 
th|jt from which it had^ciftcrcd aiui from the bottom of th^ 
still,* flows out in a sufficiently concentrated state. The 
amount of work done is proportionate t(? the size and number 
of the jjlatinum basins. The mixej vapour of acid and wafer 
formed in the basins, as it ri.scs up, strikes against the water- 
cooled sides and top of the leaden hood, and is condensed 
there to dilute acid running down the sides and forming a 
hydraulic lute between them and the platinum dish; an over- 
flow (at c) carries it outside^ and prevents it from getting 
back into the platinum basin.s. The water cooling at the 
.same time prevents the leaden hood from being damaged by 
the joint action of heat and acid vapours. I he cost of fuel 
is not perceptibly different with Vaure and Kessler stills from 
that of ordinary \)\at\vtum stiWs; and the large quantity of 
water required for cooling purposes in the former .system is 
I an item of cost to be put against the initial saving in capital 
expenditure. It was urged by the inventors, as a great 
advantage of their plan, that the loss of jilatinum is much 
less than with .stills made entirely of platinum ; but this is 
very doubtful, as the wear and tear of the platinum occurs 
almost entirely in the places \^hich are in contact with the 
fire-gases, and which arc equally large in both .systems ; and 
any slight lo.ss of platinum in the oth(^* parts oT ordinary 
platinum .stills will cost hardly more than the repairs of the 
very complicafed leaden hood and connections of the F'aure 
and Kessler .system. • ^ 

According to information from Me.ssrs Desmontes, Lemaire 
et Cie, the bell and hood *la.st about two years, and must then 
be^cplaccd. The consumption of cooling water averages about 
^ tons per hoifr, and the Consumption of fuel averages from 
18 to 20,pcr cent^ of the acid made. 

The great .saving in prime cost caused a rapid spreading of 
tke Faure and Kessler system, especially in Germany, Au.stria, 
and America; much le.ss in France and Fngland. Rut since 
the oCdinary^latinum stills (owing, n(f^ doubt, to the .stimulus 
given t <5 the mak^s by the hew system) were considerably 
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improved, were constructed of much lightei; weight aiEl cost for 
the same output as formerly, tinci* the drawbacks of- 

constant repairs, of tfie^rc.y; afnount of water required, and the 
frequently minor strength C>f the acifl produced i)l l-aiire and 
.Kessler stills became moje percej^tible, tlie latter system fell 
into disfavour again. It must not^ E>e overlooked that, ^le 
strength really attaii*ed by it rarely exceeds 93 per cent. 

or at the very mo.st^qd percent. ; with higher strengths 
the lead hood is acted upon to a perceptible extent. 


Loss of Platinum in the Concentration of ll,SO^. 

For full detailed statements regarding this very important 
matter, previous editions should*be consulted. A brief abstract 
only is given here. 

In the presence of small quantities of nitrogen acids, the 
loss is from 2 to 3 g. platinum per ton 93 to 94 per cent. 
HoSO^; In the absence of these (removed by ammonium 
sulphate) onl\’ a little over 1 g. ; the loss is 6 to 8 g. for^ 
97 to 98 per cent. H.SO,. 

Hasenclevcr states the lo.ss of platinum when using acid 
free from nitrogen compounds to be 0-25 to 0*97 g. per ton 
of acid. At the Uetikon works a h'aurc and Kessler apparatus 
lost 075 g. j)er ton of ordinary acid ; when making the strongest 
acid the loss amounted to 10 g. per ton of acid. 

Davis' states that the lo.ss of platinum .sometimes goes 
down to 0-34 g. per ton, but when making 97 per cent, acid it 
rises occasionally to»20 g. platinum per ton. 

According to information supplied by W. C. Heraeus 
(Hanau) in 1902, from a collection of statements emanating 
from a number of firms, the lt)ss of jilatinum per ton strc^ig acid 
made is as follows : — 

(1) Concentration to 92 per cc«t. II2SO4 from o-i8 to 078 g. 

(2) „ 93io9f> n . » 0-30 to 1*30 g. 

(2) „ 971098 „ » 1-90 to 3 0 g. 

Contrary to the ordinary statement in chemical text-books, 
Conroy ^ has found that sulphuric acid, even when pure, exerts* 
a marked .solvent action* upon platinum. In fact the quantity 
taken up by acid of 9^ per cent. H2SO4 at 250° C. far exceeds 

‘ /. Soc. Chem. fnd., 1894, pr^io. • * y. Soc. Cjfem. /nX 1905, p. 455. 
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that obsAved in practice. This is ^plained by the fact that 
•reducing substances like i^S20;,.S.S02, and even NgOg, retard 
the solvent action/ Nitric acid ‘dops not*promote it directly, 
but in practfce it is injui<lous, because it oxidises the reducing 
substances present. Amm^jiiium, ferrous and ferric sulphate^ 
sotlipm chloride and irttrate, have ^ no action. The greater 
destruction observed when bringing th(^ acid to higher con- 
centration is not due to that concentration itself, but to tiic 
higher ‘temperature necessary for tt. Delepine^ also found a 
very slight action of pure concentrated sulphuric acid on pure 
platinum foil, at temperatures of, say, 250'' to 270'' C.,but decidedly 
more at the Ijoiling-point 338° C. If the boiling temperature is 
raised by adding potassium sulphate, say, to 350"" to 355° C, the 
loss of platinum amounts to ‘004 to 0 05, at 365 to 370° C, 
o- 1 2 to o- 1 3 per superficial decimetre per hour. Absolutely pure 
acid acts quite as much as that containing o-i per cent. HNOg, 
and upwards. The presence of NM^Cl lessens the attack 
sensibly. 

' Delepine- states that, in the attack of platinum by sulphuric 
acid, although the presence of oxygen facilitates the solution of 
the platiiium, it is not absolutely essential. The oxygen plays a 
secondary part, in that it modifies the equilibrium of the initial 
action of the acid upon the metal, as represented by the equation ; 

2 Pt + 7H.,S0, 2Pt(OH)^HSO,,>> + 3SO., + 4H20. 

the reaction being regarded as reversible. 

Quennessen examined the behaviour of platinun>T[pure and 
technical) against sulphuric acid at 400® C. He concludes from 
his results that,' in the case of concentrated commercial acid, the 
atmospheric ox}'gen acts as an oxidiser; but, in that of acid 
containing SO^, this furnishes the oxygen. Lc Roy M‘Cay,^ on 
th^ contrary, found that ‘platinum is acted upon by boiling 
sulphuric acid, even in the absence of oxygen, />., in a current 
fe)f carbon dioxide. This actjion is prevented by SOg. AsgOg, or 

In Knocke’s dekription of the Oker Works, it is mentioned 

'tliat formerly the platinum stills used to be fired with coal, but 

• 

* Corfiotes rend.y 1905, 141 , 886 and 1013. 

191a 160 , 104. 5 142 , 1342. 

* Chem. zMt.^ I9i2^p. 1072. • ^ Dingl. polyt. y., 164 , i8r. 
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that wood had been introduced • instead,” Ijecause th(^ still was 
found to be damaged the spulpjiwr contained in the coal. • 
Even by the formation of ^carbon-platinum* the platinum may 
become brittle; the filel Uiercfore t)ught neverfto come in 
contact with it. * 

Undoubtedly the duAbility of j^fetinum stills is grjafly 
influenced by the they arc set* and worked. If the stills 
placed too near the fire-grate^ or if the flame is sooty, 
compounds of platinum, v^th carbon, silicon, and h>i:lrogen, 
are formed, which make it crystalline and brittle, and imparts 
a rough surface to it. In this re.spect, gaseous fuel is superior 
to every other kind of firing. For further information see Kern,^ 
Colson,*^ Schutzenberger and Colson,^ Memminger,^ V. Meyer.® 
According to Ileraeus and Geibcl,^ .sulphur alone has 
no action on platinum ; but metallic .sulphides arc liable to 
attack it. 

Mylius and Huttner^ state that when platinum is heated 
in a luminous coal-gas flame, a black layer is formed. If the 
carbon is now burned off in air, the metal is left in a rough* 
and brittle condition, but without having undergone any loss 
in weight. • 

Mercury is contained sometimes in blende, etc., and may 
get into the sulphuric acid (see Vol. I., p. 131). If it reaches 
the platinum stills it may do great harm, as it may be reduced 
there to the metallic state. .(I’l atinum will amalgamate with 
mercury only in the pre.scnce of .sodium.) 

The Uiiited States Bureau of Standards '^ states that there 
is no appreciable ktss of weight by volatilisation up to 900“, 
but above this temperature the loss incrcase.s- rapidly — most 
in the case of platinum containing iridium, and least in the 
case of platinum alloyed with^rhodium. 

Gold-lined Platinum Stills. 

W. C. Heracus of Hanau found*that gold rcSists the boiling* 
sulphuric acid much better than platinum. He quotes the 

^ Chem. News^ 1877, 86, 77. 

® Comptes rend.y 1876, 82 , ; 1882, 94 , 170. 

* lbid,y 1882, 04 , 26. ^ Ainer, Chem, 1886, % 172. 

® Ber,^ 1896, 29 , 850. • ^ Z. angew, Chern.y 1907, 20,* 1892. 

^ iT. anorg. Ckem.^ 1916,^6, tZ57. • ® Chem. Tr^ 1^16, pi 139. 
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following 'figures, pytting the loss pf weight of chemically 
•pure platinum at loo. *, • * 

^ * , • 

Technically pure platinum . • . , . . .90 

Allo^ of 90 platinuiif and 10 irieflum . • 5 ^ 

Pure gold . . ♦ 13 

whidi means that pure goUl suffers only one-seventh as much 
as technically pure platinum. • 

Her^ieus prepares platinum coa^jcl with a firmly adhering 
layer of gold, in the following manner (invented by his chemist, 
Dr Kucch). An ingot of platinum is brought up to a white 
heat exceeding the melting-point of gold ; then a quantity 
of melted pure gold corresponding to the desired thickness 
of the coat is poured over it, aijd the double ingot thus formed 
is rolled into a sheet. Such sheets are made of the following 
thicknesses : — 

o>4 mm, philinum. 0*05 mm. gold. 

^'4 ») )) o- 1 ,, ,, 

0-3 „ „ ().2 ,, ,, 

• 

lk)th under the hammer and in the fire, these rlouble sheets 
behave exactly like one metal ; thc)’’ are easily soldered with 
sheet plafinum, by means of gold, the operation being conducted 
in a manner that the layer of gold is melted only at the 
soldering joint, d hese gold-plated platinum bottoms are 
especially useful in the manufacture of the strongest (97 to 98 
per cent.) oil of vitriol, in which platinum is energetically acted 
upon. According to statements collected by Mr Iler^cus from 
various firms, the loss of weight in his j^latinum gold stills 
per ton strong acid made (r/. similar statements concerning 
ordinary platinum still, p. 93) has been : 

(a) I if the manufacture of 92 per-cent, acid from o-oi i to 0-072 g. 

M „ 934096 » » 0-030 to 0-138 g. 

• (0 n 9610^7 „ „ 0-170 to 0-205 g. 

M „ 97 to 98 „ „ 0 040 to 0-260 g. 

* . • 

Heraeus ^ defends his system against some observations 
made updn it by Hartmann and Benker.‘^ 

•• The platinum gold combination may be regarded as one 
ol the best kinds of apparatus wheiti exceptionally pure and 
strong, a^id is concerned, both for the ejitire stills and for pans 
1903, p. 1201. • • 2 p 
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covered with leaden hoods. The gold coating in tSe former 
case must be extended to the Vl^dlc;, interior of the boiler, 
not merely to the boUom^ ai? otherwise galvanic action sets 
in at the place where the ac^cl touches^both platiniiifi and gold. 

• The Hcraeiis composjtion is nr«t adapted for impure acid 
which forms crusts, as these necessarily cause damage tQ, fhe 
gold, and as soon as# the platinum is exposed the galvanic 
^Ition sets in. Otherwise it is excellent. It should be noticed 
that ordinary gold plating, whether by electro-plating’ or by 
the igneous method, does not fulfil the object of protecting 
the platinum, as practical tests have proved repeatedly. No 
doubt such gilding is more or less porous, so that galvanic 
action, with the sulphuric acid, sooner or later, sets in and 
injures the metal. This is not the case with the compact sheet 
of gold rendered completely dense by rolling the Ileraeus bars 
to the required thinness. 

According to information supplied by W. C. Ileraeus & Co. 
in 1911, the platinum gold apparatus has been introduced into 
many works in Germany and in America. Formerly, the’ 
upper part of the apparatus was made of a composition of 
about 4 parts platinum to i part gold, but, in order, to make 
it cheaper and harder, and to permit soldering it with gold, 
it is now made of an alloy of 90 parts gold and 10 parts 
platinum. 

Crusts forming in Platinum Stills. 

The irtin salts contained in the chamber-acid in concentrating 
are precipitated as* anhydrous ferric sulphate, which, being 
insoluble in strong sulphuric acid, partly attaches itself in white 
crusts in the vessel, partly remaining suspended in the acid 
in shiny flakes; the precipitate also contains a little lead. 
When it occurs in large quantities it may occasion stoppa^s 
of work, and also make the acid n.orc or le.ss un.saleable. Thi 1 > 
happens especially when Glover tower acid is usq^i for concenfra’ 
tion. In order to remedy this, Gerstenhofer suspended a 
large porcelain dish in the still by means bf platinum wires, 
completely immersed in the acid, in which, owing to the boiling** 
movement, all crusts, etef, can collect. The dish is taken out 
from time to time, whijh can be done very quickly.^. This 
^ Bode BeitragCyA^jly pp. 50-^1. 

G 
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arrangement seems to have been introduced in very few places, 

‘if at all. It is certc^in, hp>V^veV, that hardly anywhere is Glover 
tower acid used for manufacturihg rectified oil of vitriol ” in 
platinum stiffs; and the afid for this purpose is always obtained 
by a preliminary concentKation of chamber-acid, which has.-, 
noT; passed through the fower, in leaden pans, either by special 
fires or by steam-coils, or, more often, by the waste heat of 
the stills themselves. In this way the acid is brought up U 
I40 ‘'T.vv. without having been in contact with the flue dust 
from the pyrites burners, which contaminate it with an 
appreciable quantity of iron. 

Even at factories where brimstone is burned, the Glover 
tower acid has not been found suitable for platinum stills, 
because it dissolves too much iron and alumina from the 
packing of the tower. But even with feeding acid concentrated 
by bottom-heat only, the precipitation of salts in the platinum 
stills cannot be avoided if the concentration proceeds beyond, 
.say, 92 per cent. H^SO^. Wherever stronger acid is made, 
^t becomes necessary to clean out the platinum stills from time 
to time, in order to avoid the formation of hard crusts, which 
would sj^ccdily ruin the still. This cleaning is effected by 
running the still as nearly dry as its construction permits, and 
dissolving the salts by means of hot water or hot weak acid. 
The following is the composition of crusts formed in platinum 
stills, as observed at a French woi^vs ; — 



llard Strong Crust. 

Softer Crust Ituprofeiiated 
witli Acid. 

Ke..C){ 

3 3 -bo 

23*00 

sa, : . . . 

63-20 

03-60 

8Tt) 

t 

0-20 

Ca() 

1 trace 

I-IO 

MgO, Na .,0 

• 

0-85 

: . . 

C M 

trace 

PbSU. . 



Se . . • . . 

t 


AloO, . 

t . -- 




, At Stolberg alumina is found, sometimes exceeding the 
proportion of iron (1902). 

An* explosion on cleaning out a platinum still has been 
reported, by «Kuhln:\^nn, jun. It octuited by running water 
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upon some acid left in still (the two strata evidently remain- 
ing separate) and starting the fire. a cf rtain point the two 
strata must have beco^ne suddenly mixed ; and ^he explosion 
occurred through a violent evolutioit of vapour.^ 

f 

Occurrence of Platinum. 

The most important occurrence of platinum is in the 
alluvial sands in the Russkin Ural Mountains, l^rior to 1914 
Russia supplied 93 per cent, of the world’s requirements, but, 
owing to the war and the dislocation cau.sed by the revolution, 
the output has declined very considerably, and other sources 
of supplies have been exploited energetically especially in 
Colombia, South America. According to the United States 
Geological Surocy for 1913 (p. 1059), the production of platinum 
in Russia has been in troy oz. (at 3M035 g.). 


Y«ar. 

(Mllciallv 

Altug.-lhiT 1 
EstimaOsd. 

Y('ar. 

(Hlicially 

AlOvgcthor 

EstiinatiMl. 

lyoo 

i63,orx) 

212,500 

1907 

172.752 

310,000 

1901 

203,057 

315.200 

190H 

156,792 

250,000 

1902 

197.024 

300,000 

1909 

164,118 

264,000 

1903 

192,976 

226,000 

1910 

175.716 

275.000 

1904 

101,950 

290,120 

1911 

1.80,400 

1 300,000 

1905 

1906 

167,950 

185,792 

200,450 

210,318 

1912 1 

177,375 

300,000 


The discrepancy between the officially reported and the 
estimated figures is due to the tendency for private enterprises 
to keep tlieir published outputs as low as possible, to avoid 
registration. 

The latest information is given by A. D. Lumb’in a Monograph 
on the Platinum Metals, piblished by the Imperial Institute 
(1920), to which the author acknowjedges his debt for m^ich 
of the data in this section. 


Year. 

Ofllclal Outpuc. 

Estimator Output. 

1913 

157,735 

275,000 

1914 

157.182 

240,000 

1915 

• 119,789 

124,000 

1916 

78,682 

90,000 

1917 

• 

50,000 


* Bull. Soc. chim.^ 88 , 50 . | 
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The world’s production of cruder platinum, as compiled 
by Lumb, from thetmost ililiable sources,^ is given on p. loi. 
According to J. 1 .. Howc,‘ the cAtim?ted limits of the total 
world’s production of crude platinum up to January 1917, 


as follows : — 

• 

c 

1 

til oz. 

(troy). 


« 

illinium. 

Maximum. 

Russia 


7,115,48^' 

10,128,308 

^oloinl)ia 

1* 

700,000 

735,000 

. Romeo 


175,000 

200,000 

United Stales 


10,000 

12,000 

Canada 


9,000 

10,000 

Miscellaneous 


9,000 

10,000 

't'otal . 


8,018,482 

11,095,308 


Another estimate by J. M. llilP gives 5,000,000 oz. as the 
total world’s production to June 1917, which he distributes 
according to the uses made of it, as follows : — 


Chemical and physical apparatus. 

Oz, 

1 ,000,000 

Klcctrical devices 

250,000 

Catalysing 

500,000 

Dental uses 

1,000,000 

Jewellery 

1,000,000 

Minor uses and hoarded (balance) 

1,250,000 

Total .... 

5,000,000 


The Republic of Colombia, Sf^^th America, is the second 
largest producer of platinum in the world, and in pre-war 
years supplied about 5 per cent, of the world’s tofal output. 
These alluvial deposits have been worked extensively since the 
decline in the Russian supply, and in 1916 the output rose to 
approximately onc-thifd of the Russian output. The following 
figures^ of the outputs of crude platinum have been compiled 
by* Lumb: — 


Yiiar. 1 

j Oz. Troy, j 

Year. 

Oz. Troy. 

^ I9II 

12,000 1 

1915 

18,000 

1912 

12,000 

1916 

25,000 

1913 

15,000 

1917 

32,000 

1914 

I 7 i 5 oo 

1 il 

1918 

35,000 

(estimated) 


1 and Met. Eng.y 15th O^toV'^r 1918, p. 607. 

* Eng. and Min, J.^ 30th June 1917. 
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Other beds of plalw'num bearing orefej:ist in the United States, 
especially in Califoriiia aivl*Orcgon, and som^e in Canada. Accord- 
ing to the United States Geological Su,n>ej^, the production of 
pure |)latinuiTi from Amcrfcan ores ih troy oz. has been : — 
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Price of Platinum. 

The rise in the price of platinum since 1869 is given in the 
table below. The figures from 1869 to 1892 are taken from 
the report of riascnclcver ; ' assuming i mark = i shilling 


the figures for 1913 to 1921 are .supplied by Messrs Johnson 
Matthcy 8: Co. 
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Vi'iir, 

Sliillin.UH. 

' " ' 

V*ar. 


Year, 


lSf»9 

19 

1888 

34 

1906 

155 

1S70 

19 

188() 

35 

1907 

n3 

1S71 

J9 

1 890 

9 1 

1908 

74 

1S72 

19 

1891 

51 

1 909 

115 

i«73 

29 

1892 

4<) 

1910 

186 

i«74 

2() 

1893 

*'\0 

1911 

189 

i «75 

25 

1894 

40 

1912 

207 

iS7() 

“5 

i 8()5 

47 

1913 

185 

1S77 

25 

1899 

50 

1914 

.4 85 

1S78 

2() 

1897 

51 

V9IS 

190-200 

1S79 

28 

1 89S 

5(> 

1916 

200-290 

iSSo 

3.7 

1899 

()8 

1 1917 

2 (jO 

1 88 1 

27 

1900 


1 1918 

400 

1883 

28 

' 1901 

89 

1919 

442-512 

18.T3 

29 

1902 

1’9 

1920 

770-360 

1884 

32 

1 903 

78 

1921 

3«o 

'•'1885 

32 

1904 

82 

1 1922 

3()o-52o 

* 1889 

32 

1905 

87 

i 1923 

460-560 

<- 1887 

32 

, 





Concentration iu Porcelain Dishes or Beakers (Cascades). 

, Hughes (U.S. P, 339552) describes an apparatus consisting 
of porcelain dishes with gla.ss heads, otherwise similar to the 
glass tetort apparatus of Gridlcy-Chance (p. 79). The use of 

ft r 

‘ VI ’ Chem. Ind.^ 1892. 
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porcelain dishes was ^Iso patented in tllie United States by 
W. and H. Adams ^^in 1887. * t 

Messieurs Ch. Neg^icr«et tic^ at Perigucux^(B. Ps. 4171, 
14022 of 1890) constructed a furnace^or concentrating sulphuric 
acid from 106'' to i^^Tw. ii? porcelain capsules, "yie 
apparatus is fully described, witli drawings, in previous edkipns, 
and only a short description is given below. It consists of two 
parallel ranges of eight porcelaiiJ capsules, each placed one 
above another, so that the acid overflowing from the. lip of 
each pan flows into the lower one. The capsules are semi- 
circular in shape (12 in. wide and $h in. deep). Every two 
dishes placed on the same level arc contained in suitable pans, 
forming cavities of a single cast-iron plate, reaching from one 
side of the furnace to the other. Asbestos is interposed 
between the capsules and the metal pans, in order to protect 
the capsules and ])revent bumping, which is lessened further 
by putting fragments of porcelain inside the capsules. In the 
event of a capsule breaking, its contents can escape into the 
fireplace through several holes left in the metal pans; wheil 
this is perceived, the feed of acid is stopped, the cover lifted, 
and the broken dish is replaced by a fresh one. *^7116 iron 
plates are shaped in such a manner that there is no com- 
munication between the space below, destined for the fire- 
gases, and the space above, where the acid vapours arc formed, 
the joints being made goo^ with a cement of asbestos and 
silicate of soda. When the capsules have been placed in the 
pans a Ttiycr of ^oarsc sand is put into the space between 
them, up to the edge of the capsules. The brickwork above 
the level of the capsules is made of silica brick ; the top cover 
is made of cast-iron or glas.s The heat *of the fire-gases i.ssuing 
from the apparatus is used for concentrating the feed acid in a 
similar apparatus, or, preferably, in lead pans. ^ 

This system is described mifiutcly by Kretzschmar.^ ^Tfie 
gases from a set of four furnaces pa.ss unde»neath three sefts 
of lead pans, where they concentrate the acid up to 134'' to 
142® Tw., and heat it to 145'’ to 149“ C. Every furnace pro- 
duces 25 cwt. of acid of ^3 per cent daily, with an expenditurti 
of 23*5 per cent of rather low grade coal. 

* Scheurer-Kestner, Bffl Soc. Ind. Mulhouse^ 1892, p. J17. 

® J, Soc. Chem. Ind.^ 1 891,^^10, 46' 639. ^ fhetn. Zeit,^ 1892, p. 418, 
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Lemaitre^ (Fr. ^ 357555) describes an improved form of 
apparatus. I , ^ 

F. Benker^ has erected in France ^ number of apparatus 
for concentrating sulphuftc acid ii^ porcelain dishes covered 
with a special protecting (fcment, aijd enclosed in a chamber- 
builtt of volvic lava. Drawings of the plant and additional 
information is given in our fourth editidn, pp. 1121, 1122. 

A modified system is dderibed Hartmann and Benker^ 
in whicVi the dishes arc all placed on fireclay rests, and are 
cemented in these with asbestos and sodium silicate, so that 
the fire-gases are separated completely from the acid fumes. 
The heating also takes place, not by means of four small fire- 
places, as previously, but by a single large fireplace (26J in. by 
12 J in. grate surface), so that in lieu of coke, coal can be used 
for firing. There are twenty-four basins in each cascade, or 
forty-eight in both ; and the four lowest dishes of each row 
are protected by a curtain arch, so that the acid boils quietly 

without spurting. 

« 

Beaker Apparatus. 

This kind of concentrating apparatus was introduced first 
by Webb, and followed by Levinstein and others. The principle 
is quite similar to the dish apparatus, and the material used is 
cither glass or porcelain. 

Webb’s Ik P.S. are Nos. 2343, *^7407, and 18891, all of 1891. 
As shown in Figs. 47 and 48, his apparatus consists of fourteen 
or sixteen glass or porcelain beakers (A A) (arranged 'One above 
the other, about 1 1 in. wide and 21 in. high, with overflow lips 
communicating 'with movable tapering glass pipes, placed in a 
slanting position in the next lower beaker, so that the acid flows 
from each beaker on to the bottom of the next, and from the 
last* of these through a codler into storage vessels. 

/\ccording to Webb (B. P; 2343 of 1891), a series of glass 
Vessels is placed on slabs, 'arranged in steps, in a heating 
chamber ; ^the vessels arc enclosed near their upper edges in 
iron plates or slabs, corresponding to the bottom. In every 
bn,e of these vessels, a loose tapered glass tube is placed at an 

‘ ^fonit. Scient.^ 1906, 66, 126. 

^ Chem, Zeit.y 1899, 28 , 147 ; J, Soc. Ind.^ 1899, 18 , 371. 

® K. an^ew. 1906, p. 564. 
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angle, reaching from \e spout of onetvpsel to the bottom of 
the next lower one,i whep' *it Ts provided on its side with an 
outlet slit. The fire-gases pass fiVst«*intq combustion chambers 
on each side* of the heating chambers, and from thence into 
space left around the glass* vessels. ,Thc weak liquor is fed 
into the tube of the uppermost ve.ssel, and displaces a certain 
amount of acid, which will overflow into <hc tube of the next 
vessel, etc., thus causing a tfeorougl^ interchange in the liquor 
to be evaporated. The concentrated acid is delivered from 
the last vessel of the scries. The feed of acid i.s regulated by 
means of a thermometer placed in the fourth beaker from the 
bottom. Two .sets are usually built together, and will produce 
5 to 6 tons of strong acid (1-838 sp. gr.) per week from acid of 
sp. gr. I -60. 

So long as all the beakers were made of glass, the breakage 
was very heavy ; and this led to the replacement of the three 
bottom beakers of each .set by porcelain ves.scls. Later on the 
breakage was reduced further by replacing all the glass beakers 
(Vith porcelain vc.s.sel.s. 

Webb (H. P. 29884 of 1896) describes a firing arrangement 
by a ga.s* producer, where the flame does not act from the 
higher end to the lower, but vice versa. A further patent of 
Webb’s (H. 1’. 1516 of 1901) de.scribcs double-walled beakers 
consisting of an outer vc.s.scl and an inner vertical vessel. 
This modification appears to be «chat which is mentioned in 
the 38/// Alkali Inspector's Report, and described in the Ger. 
P. 135886 by F. G. Webb and Webb’s ]\aj:cnts, LtfT. There 
is a stepped series of bcakcr.s, each of them containing an 
inner cylindrical vessel, not much narrower than the beaker 
itself, open at the top and communicating by holes at the 
bottoiiT with the annular space be\ween the two vessels. The 
acicK.- overflows by a lip from each of the outer beakers into 
tfie pinner vessel of the next dower beaker, pa.sses through the 
Itottom holes ink) the annulur outer space, and overflows from 
this into the inner vessel below. The whole may be placed 
in a hot air oven ;* or else the top edges arc formed in such 
?i planner that a still head may be placed on each beaker, 
with an arm connected with a slanting draught pipe {cf, 
Gridley’s apparatu.s, p. 79), from which ^the vapours are taken 
into a tubular water-jondenscr l>efore*pa!>sing into the draught- 
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ing shaft ; in this case the beakers L.r'^cated only in their 
lower part. Webb (ft. P. 151*5 190 it describes a tubular 

water-condenser for retaiaing the acid vapours. 

Levinstein’s patents are 19213 •f 1892; 247% and 2835 of 
1893; 22844 of 1^94; hij apparatus is very similar to Webb’s, 
but the beakers have rounded bottoms, and are placed in 
metal dishes, and the overflow pipes are modified. P'urthcr- 
morc, the dilute vapours from theiiipper portion and the strong 
vapours from the lower portion of the battery arc carried away 
separately. 

Quite similar to the above is Jh*adbury’s apparatus (P. P. 
22327 of 1893); J. W. Scott’s (B. P. 142 1 5 of 1894) ; R. Wilson’s 
(B. P. 1 422 1 of 1895); and Schwab’s (Ik P. 22512 of 1896). 

H. E. Green (B. P. 27209 of 1911), in order to economise 
space, makes the cascade double back on itself. 

MacKcnzie (B. P. 6415 of 1909) provides for the dishes of 
cascade apparatus, air pipes for the purpose of agitating the 
contents of each dish, so that the impurities do not settle on 
the bottom, and cause overheating. * , 

Although many |)lants of the Webb type \\’crc erected in 
England, they have been discontinued, partly on account of 
the excessive breakage of the breakers, partly because of 
the high fuel consumption, and partly because it wjis found 
impossible to prevent the escape of dense white fumes from 
the chimneys (which were# themselves sometimes ruined by 
these fumes, and had to be rebuilt). The Alkali Inspector's 
Reports ^ teem with complaints of this sort. The 
reason seems to uc the same as that quoted in the case of 
lead pans with surface evaporation — viz., the** formation of an 
acid mist of tiny, liquid, vesicular drops (p. 45) ; or else the 
difficulty of condensing sulj^iuric anhydride. * ‘ 

A. Nobel proceeds on the following principle (Ger. P. ^149 
of 1880). Since cast iron is nat acted upon by the vaJ>Snr 
of sulphuric acid, the concentraUng apparativs is made in the 
shape of a column consisting of cast-iron pipes, in which porcelain 
dishes arc placed on ledges, liach dish ha.s an opening through 
which a glass rod reaches into the next lower di.sh ; this ts 
intended to prevent the acid from splavshing about in its down- 
flow from dish to dish. When all the dishes are *fiHcd, the 
column is heated byflufis surrounding it^on the*outside. The 
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acid vapour, as well ^ the concentrated vitriol, is taken away 
at the bottom. 1 ^ 

Another kind of column combined with a system of stepped 
beakers is th*e apparatus patented by (juttmann (B. P. 16220 
of 1898). He arranges glass or porcelain beakers, with over-, 
flowsoin a vertical spirm column, ^hey arc placed on iron 
dishes, attached to curved 'hinged doors^ which together form 
a vertical heating column, wUhin which fire-gases surround thef" 
concentrating beakers. Another patent (Ger. P. 109247) of his 
describes an arrangement for heating up the air required for 
the combustion, by means of the waste heat of the apparatus. 

A Guttmann concentrating tower has been erected in 
England, but it is fired by coke instead of gaseous fuel, and 
has been modified with a view trt reducing breakages.^ 


Concentration in Fused Silica Ware (Quartz). 

In 1839 a French physician, Gaudin,“ succeeded in fusing 
(IJuartz into a pasty condition by means of the oxyhydrogen 
blow-pipe ; and .small tubes of fused quartz were made by 
Gautier^ in 1869-1878. Boys * (1887-1889) by a method which 
has become classical (the crossbow), prepared filaments of fused 
quartz which were used in the preparation of delicate physical 
instruments, such as the suspended mirror galvanometer. 

From 1899 to 1901 much worktvas carried out on the fusion 
of quartz ; in France by Dufour and Lc Chatelier ; in Germany 
by Hcraeus ; and in England by Shenstone. In 1901 Silienstonc 
demonstrated his method of fusing rock crystal with the oxy- 
lydrogen blow-pipe before the Royal Institution in London; 
ind his process has been developed industrially by the Silica 
Syndicate, Hatton Garden, London^ipio). 

k; 1902 the firm W. C* Heraeus of Hanau commenced to 
)lace on the market small vessels of transparent fused quartz, and 
If 1903 Heraeus ^le.scribed hi# methods to the 5th International 
Congress of Applied Chemistry. The cost of production, 
lowevcr, ty these ‘methods was prohibitive, unless oxygen 
oyld be obtained at a very low price; and about this time 

* Alkalimlnspecior^s Report, No. 38, p. 128. 

Compfes rend., 1839, 8, 678, 71 1. t 

^ Compies reffd., 1900,^80, 816. • *** Phil. Mag., 1887, 28 , 489, 
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the attention of workers was directed to |ie possibility of using 
the electric furnace fpr fusing cjuhrtitLand. ^ 

In 1902, Hutton \des#ribcd the preparation^^uf lubes by 
the fusion of quartz sand &r pariiclt^ of rock cr)^tal by means 
of the electric arc and resistance fifrnaces. These experiments 
mark the beginning of the fused silica industry, whicl> was 
created in England •by the collafjoralion of Bottomley and 
Vaget, with Hutton (B. 1^. io6;c/ 9th May 1904). In 1905 
Bottomley and Paget founded the 'J'hcrmal Syndicate, Ltd., 
Wallsend-on-Tyne, for the development of their patents on 
a commercial scale, and their material is known under the 
name of “ Vitreosil.” 

According to liottomlcy,- the type of furnace employed is 
an electrical-resistance one; the heating core or resistance 
consisting of plates, tubes, or rods of carbon or graphite. In 
the manufacture of tubes or pipes, the starting point is a hollow 
cylinder of plastic silica, formed by fusing a mass of pure quartz 
sand (997 per cent. SiO.>) round a central core, through which 
the current is passed. As soon as the hollow cylinder has beciT 
formed, the heating core is withdrawn from the centre of the 
ma.ss, which can then be removed from the furnace and drawn 
into tubing. If a moulded article is required, the hollow plastic 
cylinder is closed at one end by mechanical pressure, and a 
refractory nozzle (to which a source of compressed air is attached) 
pressed into the other end.# The fused mass is then placed 
in the mould and expanded with compressed air, till it assumes 
the requfkid shape^ 

The limits of temperature at which these furnaces can be 
worked are very narrow, because the temporaturc at which 
quartz reacts with carbon to form carborundum is very close 
to the temperature requiAid for working the silica.'*' TTie’ 
volatility of silica also presents another difficulty, as it volatilises 
readily at temperatures little aUqvc the melting-point. Ti?e 
temperature required for fusing tiilica is bet^veen 1800'' and 
2000"", and the weight of fused material which can be worked 
exceeds 200 lb. Even at very high tcmp(?raturcs silica never 
becomes really fluid like^lass, but remains in a plastic conditioi>, 
so that when large masses arc fused, the bubbles of air contained 

* A/rt€K ^lectrO’Chem, Soc.y 1902, 2, 105. 

* /. Soc*aum. Ind,, 1917, 86, N^. 1 1, 57^ 
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therein cannot escap^to the surface tand so render the mass 
fton-transparent. ‘ ^ ‘ ' 

For an excellent account of the <idcvclopmcnt of the fused 
silica industry, see Flusiiv.^ Fused'' silica has many valuable 
properties which render^ it^of great^ value to the chemical 
industry. It is amongst the most refractory of materials, 
melting at about the same temperature ts platinum (between 
1700° and 1800''), but it begJtis to soften at about 1500°. The 
coefficient of expansion is extremely small, being approximately 
59X io~ or about one-seventeenth that of glass, so that articles 
made of fused silica resist even the most violent changes of 
temperature. It has a tendency to become very brittle when sub- 
jected to a high temperature (over 1 100'' C.) for long periods, due 
to a reversion from the vitreous* to the crystalline state. The 
specific gravity is about 2 07, and it is impermeable to all 
gases, with the exception of hydrogen, and that only at high 
temperatures. 

Fused silica is unattacked by all acids, except by hydro- 
fluoric acid and phosphoric acid, and the latter only near its 
boiling-point (400°), so that it is used extensively throughout 
the chemkal industry, and especially for the concentration of 
sulphuric acid in the cascade plant. 

Dr Wolf Burckhardt and W. Borchers- (B. P. 18053 of 1911) 
claim that the addition of oxides of titanium and zirconium 
to fused quartz improves its {jnopcrties, and founded the 
Zirkongescllschaft at Frankfort-on-Main for the manufacture 
of these new materials called “siloxides.” PohF^ sKttes that 
the substance has no advantage whatever over vitreosil. The 
factory was working in 1914, but appears to have ceased 
in 1921. • 

Sificon nitride is recommended b^ Hcrre ^ as an acid-resisting 
mat^ial in the concentratron of acids ; and silicon tubes are 
m^ade by the Carborundum C». at Niagara P'alls for conducting 
ht)t mineral acidii • 

Voeicker & Co. (Ger. P. 258351) manufacture objects of 
quartz glass with coloured, or completely fused surfaces by 
filling quartz sand round an electric resistance core, and uniting 

* Chi^i 9 et Industrie^ 1921,6, No. 2, 119. 

* J, Soc, Chem. Ind.y 1912, 81 , 189. ^ 

* Z> ang€w, them.t I9|2, p. 1849. * * Chem. Zeit^ 1914, 88, 317, 341. 
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the quartz body by bloiving; the latter pody has previously 
received the desirc(J quality of smYacc or colour by suitable* 
treatment. ^ ^ 

The Aussiger Verein •fur Chemische und inetallurgi.schc 
• Fabrikation (Austr. P. appl 4345) ftiagufacturcs tubes of qu^tz 
by means of an electric flame arc produced in the hollow of 
the tubes to be made.* This hollow is shaped before producing 
^he arc, and is kept up by h. 

Vitreosil Cascade Concentrating Plant. 

The development of the continuous cascade system of 
concentration by Messrs flartmann and Bcnker has been 
described on p. 104. • 

A great impetus has been given to the more extensive 
u.se of this type of plant, by the introduction by the Thermal 
Syndicate in 1907, of “vitreosil” di.shes and basin.s. There 
were three Bcnker cascade plants at work in Great Britain 
at this time ; and the porcelain basins were replaced rapidl/ 
by fused silica ve.s.sels, with satisfactory results. According 
to the Alkali Inspector's Report for 1907 (No. 44, |> 28), the 
substitution of basins of fu.sed silica for porcelain basins has 
been found to lessen the waste of acid and interruption of the 
process required for replacing broken porcelain dishe.s. Further 
improvements and economic^ were effected in 1910, when the 
Thermal Syndicate brought out an “all .silica” cascade concen- 
trator, ctH»si.sting of thirty .shallow tray preheaters and fifty 
basins, all under c?ne flue. In recent years the tray form of 
preheater has been abandoned in favour of deep beaker pre- 
heaters, which have a greater heating, surface, and give an 
increased yield. *•*' 

Information on the working of this plant is givej^ by 
Bottomley ^ ; this has been supj:Jementcd by the Thermil 
Syndicate, Ltd. (May 1921). 

The latest form of plant is shown in Fig. 49. 

It consists of two parallel ranges of* fifteen preheating 
beakers (S) and twenty-five basins (U) (Fig. 50), each placed 
one above another, so th^t the acid overflowing from the lip of 
each upper vessel flows into the lower one. The dimehsions of 

^ /. Soc. ^hem. /«</,,• 1917, 86, No^ii, 579. 
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the beakers are : heighj:, • 20J in. ; diam^jr at top, 1 1 in. ; 
diameter at bottom, 5^ in, ; and tfie Pasins are 12} in. diameter 
by 5J in. deep. The b<j^ins*are made in various i^apes. The 
vitreosil vessels are plactO* on special acid and heat-proof 
^eatings recessed to tak^ asbestos* rc^e ringvS, which form 4^ 
tight seating between tlie firing and the fume flues. Ffgm 
i^Fig. 49 it will be seen* that an ordinary open fire-bar furnace 
{A) is fitted under a port|Jiolcd ffring arch (B), from which 
the flue (C) runs the whole length of the plant, and finally 
out to the chimney. The plant is fired usually with low-grade 



Fig. 50. 


fuel, and the fuel consumption varies from 15 io 20 per cent, 
of the weight of finished acid produced. The fume flue is 
formed of acid-proof slabs ouilt on each side of the double 
row of basins, and covered with acid-proof tiles. The fu^rnes 
are drawn from the flue through a condenser consisting^o? 
a lead-lined box packed with coke. # ^ 

About 500 cub. ft. of condenser space will give an exit of 
0 5 gr. per cubic foot for a 5-ton unit, which is the rated capacity 
per twenty-four hours of, a standard plant commencing with* 
cold acid at iio^'Tw. The lo-ton units are merely two 5-ton 
sets built together with an 8-in. dividing wall, and fired 
separately. 


H 



114 CONQPNTBATION IN ^^ASCADES 

Steam jets or are not required to create draught, as 
the ordinary chimney ffi*aught, providing about | in, water 
suction for |^oth firing and fume fiues, is suflficient. 

The cocking of the ct)nccntrateVl acid from the lowest basin 
carried out by six .^ilidh pot tyj^ coolers which consist cd 
an filter lipped vessel and an inner centre pipe. The outer 
ve.s.scl is water-jacketed, and the hot acid entering the centr^ 
pipe descends to the boAom, an^l, passing through slots in 
the pipe, rises between the pipe and the walls of the vessel, 
where it is cooled by the circulating water outside to a 
temperature of about 200" F., when the final cooling can be 
performed more satisfactorily through a lead coil. The acid 
does not come into contact with any other material than fused 
silica during its pas.sage through the concentrator, and hence 
the plant is adapted specially for the concentration of pure 
water white acid. 

A comparison of the results obtained with the two types 
of preheaters is given by the Thermal Syndicate, as 
* follows : — 


, 

riant with Tr.ays 

riant with Boakora 


(Singh) unit.) 

(I)ouhlo unit.) 

fillet of trays .... 

20'" 0. loC^Tw. 

33-37° C. 106° Tw. 

Outlet of trays .... 

112° C. lio°Tw. 

172° C. 130° Tw'. 

Outlet of basins 

168° Tw. (at 15° C.) 

168“ Tw. (at 15° C.) 

O.V. made jier 24 hours . 

4 tons. 

10 tons. 

Kuel used per ton O.V. . 

cwt. 

4 cwt. 



In the .second .set, beakers No.s. 12 to 15 had to be enclosed 
and connected To the fume flue, as the acid was boiling, and 
jHiWlig taking place. ' 

The claims made for this type of concentrator are— (i) ease 
^nd'hspeed of construction ; (2) low initial and maintenance 
; (3) fuel economy; (4) continuity of working; (5) no 
^tcam jets or fans to create draught; (6) water white quality 

of acid. . 

• • 

According to information supplied in May 1921, upwards 
‘of 1250 5-ton units have been suppljed to acid manufacturers 
all over the world, including the large Government and trade 
exploi^ives factories in the United Kingflom and in the Colonies, 
France, 'Italy, Amqnca, Japan; Russia, Mexico, etc, for the 
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Fig. 51. 
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concentration of chamier acid, reconcejitration of residual acids 
from nitration procci^cs, Mid •recovery*' of sludge acids from 
mineral oil refining. * 


Obsidianite sAtings for (Tascade Plants. 

The use of “ olisiclianite ” for the fire- afid acid-proof seatings, 
side slal^s, and covers, has*'contrih^itcd towards the success 
of the vitreosil cascade system. This material is manufactured 
by Messrs (diaries Davison & Co., Ewloe Barn, Chester, and 
has been used extensively in many chemical works, with 
satisfactory results. Obsidianite is a hard, vitreous, non- 
ahsorbent material, impervious to acids of all kinds, and very 
durable and dense. An analysis supplied liy the makers is 
given below : 


Silica (free and coinl)incd) 

• 79-1 

Alumina 

. . 15.2 

Iron o.xidc .... 

3'5 

l.iine 

1*2 

Magnesia 

03 

Alkalies 

trace 

Organic matter, loss, etc. . 

07 


100*0 


In addition to its acid-resisti»fig qualities, obsidianite will 
also withstand temperatures of 1500”, .so that it is very suitable 
for use in sulphuric acid concentration plants of olll types 
(sec pp. 200 and 223). 

Sketches of -^the various types of .seatings for use in 
conjunction with vitrco.;il basins are shown in Fig.s. 51 and 53. 
Th ^orJer to with.stand the intense heat of the fire-gases in 
the If^^ver portion of the flue, the first three or four rows 
ol ^eatings arc made with, closed bottoms, followed by a 
f(^vv rows of perforated seatir.gs to permit of a more intimate 
contact of the fire-gases. These, in turn, are followed by a 
number of rows of open seatings, to allow of the full effect of 
th^ heat of the flue-gases to act on^ the basins. The top 
covers are fitted with lifting holes, so that they can be removed 
readily ^whenever required. The fume pipes are also constructed 
of obsidiawitef- 
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tioid-|lesii;tiDg frqn. 

Within the last tl^elity years fcrrosilicon has become a 
very important material foe the proclliction of acid-proof vessels 
of^all kinds, and is now ejnjiloyed extensively in the concentra- • 
tion df sulphuric acid. 

In 1900, A. Jouve of PaVis, whilst engaged in the analysis 
of samples of ferrosilicon, noticed that, with certain percentages 
of silicon, the material was unattached by acids ; thereupon 
he commenced research work on the preparation of acid- 
resisting metals, and in 1903 took out a patent covering the 
use of ferrosilicon alloys^ (P'r. P. 330666). In 1907, Jouve 
announced that he had overcome most of the difficulties of 
manufacture, and commenced to produce vessels made of an 
acid-resisting material, to which he gave the name “ metillure.” 

According to Hoffmann,*'^ this alloy resists the attack of 
all acids except hydrofluoric acid. 

In Germany the so-called “ neutraleisen ” has been put on 
the market by Krupp and other firms; and in Italy Rossi 
has developed the u.se of ferrosilicon alloys under the name 
of “elianitc” for the concentration of synthetic nitric acid. In 
England these alloys are sold under the names of tantiron, 
ironac, and narki metal, and as duriron in America. 

The corrosion of ferrosilicon alloys has been studied by 
Kowalkc in America.^ But it ii^ to be regretted that these 
experiments were carried out at ordinary temperatures, and 
not at the boiling-points of the various acids. The figures for 
a 10 per cent, .solution of sulphuric acid are given on p. 1 19. 

These figures show that an alloy with less than I2 per 
cent, of silicon docs not offer a satisfactory resistance to corrosion. 
Between 1 2 per cent, and 1 3 per (!ent. the speed of attack falls 
very Rapidly, and reaches ^ minimum between 16 to 18 per 
cenj. ; but above 19 per ce^p it tends to increase again. 

• According to. Jouve, ^ the composition of “ metillure ” varies 
from 15 to 20 per cent, of silicon. A sample with 20 per cent, 
silicon, when heate'd for two months with 36° Tw. sulphuric 
5gd, lost only o-o6 per cent, by weight. 

‘ /. SoA Chem. Iftd.y 1903, p. 1086. “ Chem. Ind.^ 1911, p. 241, 

^ Amtr. Electro Soc., 1917, p. 206. ^ ^ 

^ / Iron anft Steel In^t.y No. 3, 1908 ; Faraday Society, 23rd June 1908. 
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1 

1 

Aroa In 

k 

• I’crcentagH of fiflcr 


Bi. 

»q. cm. 

51 Lours. 

• 

Loftrs. 

141 loX^. 

22 (lays. 

2 i» days. 

1 

2-5 i 

157 

1-6 

4-1 

•6.5 

...* 


3*3 

21-9 

(.4.9 

• « 7*5 




7-4 

n-5 

31-0 ' 

48-9 

62-0 



9.9 

127 

10*7 

l()-8 

23-1 



IM 

13-0 

5-0 • 

8-8 

• ' 3-1 

4-’-5 

7.M 

12-4 i 

9-2 

1-2 

2-1 

. 2.4 

4-h 

14.2 

13*6 

i6-6 

0-2 

• 0-(>0 

0-90 

2-0 

3-4 

14-8 

i8-o 

0-03 

0-05 

005 

0-05 

0-05 

i6-i 

10-2 

0-03 

0-04 

0-04 

0-04 

004 

17-3 

II .9 

0-03 

0*03 

0-03 

0-03 

0-03 

19-8 

(J.f) 

0-13 

0-20 

0-25 

o-rx) 

070 


The equilibrium curve between the solid and liquid phases 
in these alloys has been studied by Gucrtler and Tammann ^ 
who have shown that from o to 20 per cent, silicon, the mixture 
is constituted by mixed crystals of iron and silicide of iron 
Fe.2Si (Fe.^Si - 20 per cent. Si). They have al.so studied 
the fusion of these alloys ; but (or more recent data sec, 
Sanfourchc- 

According to S. J. Tungay,^ in addition to the serious 
difficulties prc.sentcd by the considerable .shrinkage of these 
non-corrosive iron ca.stings during cooling, which amounts to 
iTii' direction, as compared with about 

in. in the case of ordinary ca.st iron, the presence of 
“graphite” in any considcrifble quantity causes disaster. The 
carbon a|jd phosphorus content of the iron must also be low, 
otherwise, during iie proce.ss of cooling, these compounds may 
tend to separate out and fortn eutectics, the separated compounds 
resulting in pellets, which are found in small blow-holes or 
cavities in the thickness of "the metal. No satisfactory rQ^nlts 
were obtained until the adoption^ of the electric furnace for 
large scale production. By means of suitable furnaces afid by 
improved manipulation in mixing* the metal, these difficulties 
have been overcome largely, and it. is possible* now to produce 
an excellent acid-resisting iron on a commercial scale, Tungay 
gives the following physical constants for acid-resisting iron^ 

t • 

* Z. anorg. CJiem. {Trans.)y 47 , 163 ; Rev. Met. {Trans.\ 190S, 6, 550. 

* Rev. Met.^ 1919, 16 , 217-224 ; J. Soc. Chem. Ind. (Atfstr.), 1919^ p. 775. 

* J. Soc. Chem. Ind. (TTfewJ.), I9i§, p. 87. 
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compared with casf iron ; but soi^e doubt has been thrown 
this comparison.^ f •• • ^ 


.. — 

c 

^ast 

Acid-resisting Iron. 

• 

•density 

*‘ 7-3 

6-8 

Tensile strength (tons per aq. in.) 

9-io 

6-7 

Melting-point . . . % . 

1150“ q. 

1200“ C. 

Hardness f . 

24 

35 

Heat conductivity . . . 

10 

8 

Electrical*rcsistaiice 

' 8 

10 

Contraction per foot in casting 

3/32 

9/32 

Cnishing strength 

j 40 tons 

1 

34 tons 


The heat-transmitting power of acid-resisting iron has been 
calculated to be nearly ten tjmes the heat conductivity of 
stoneware or quartz, and about twice that of lead. A serious 
drawback to the utilisation of tliese alloys is the fact that they 
are very brittle, and so extremely hard that it is impossible 
to machine them, except by grinding with high-speed abrasive 
wheels. An interesting account of the historical development 
of the ferrosilicon alloys and a study of their acid-resisting 
properties is given by Matignon.- The analyses of various 
alloys produced in various countries in 1913 are given, together 
with some more recent analyses. 



M(^UlIur« 

Elianite I 

Elianite II 

1 

ironac 

Duriron 

Super- 

neutral 

(France). 


(Franco). 

(Italy). 

(England). 

(America). 

Si . 

16-92 

15-07 

15-13 

13-16 

15-51 , 

14.56 

Fe . 

81-05 

82-40 

80-87 

83-99. 

82-23 

82-94 

Mn. 

0-88 

0-60 

0-53 

0-77 

0-66 

0-74 

Ni . 



2-23 i 



A 1 . 

0-25*, 






C . . 

0-592 


0-82 

i-oS 

0-83 

1.20 

P ^ . 

0-173 

O-OI 


0 0 
6 6 

0-78 

0-05 

0-57 

O-OI 

0*05 

0-08 

Sp. gr. . 

6-71 

6.87 

7-14 

6-71 

6-94 

... 










t Yhe introduc|.ion of 2 percent. Ni in Elianite II improved 
the resistance to acid. Analyses were carried out in 1913; 
since that* date the' composition of ironac has been improved 
by reducing the carbon content and increasing the percentage 
of silicon. 

• * * Hinchley, y. Soc. Chem. Ind, {Trans.)^ 1918, p. 91, 

Qhem. Ind,, 1919, pp. 1233-1 30i. '' 
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Sutor ' 

gives the following analyses 

for tantiron and 

duriron : — 

4 



• Tantlroi). 

Duriron. 

Si 

. , l4*to 15 

IS 

Mn . 

. 200 „ 2-5 

25 * » 0’35 

C 

• 07 J » '-*5 (ft'-ipk'te) 

0'20 „ o-6o (total^ 

P 

0 

6 

'0 

6 

0-l6 „ 0*20 

S 

. 0.05 „ 0-15 , 

0-05 


The duriroii contains less graphite, and licncc its mechanical 
properties should prove superior to tantiron. 

G. Varlcy (in a private communication to the author, July 
1921) gives an analysis of narki metal, as follows: — 


Silicon 


. 14 per cent. 

Carbon 


I 

Sulphur 


. 0-032 ,, 

Phosphorus 


. 0-044 „ 


Borchers and Monnartz (Ger. P. 246035) describe an acid- 
proof alloy of chromium-iron containing 10 per cent, chromium 
and no carbon, with 2 to 5 per cent, molybdenum. , 

W, & R. Horchers (Ger. Ps. 265076, 265328, 278902, 278908) 
prepare excellent alloys capable of being mechanically worked, 
from nickel, cobalt, tungsten, molybdenum, and the metals of the 
platinum group. 

Grim.shaw- prepares very strongly-acid-resi.sting alloys by 
first alloying 40 parts cobalt with 60 parts tin, and dissolving a 
sufficient quantity of this in*copper to obtain alloys of 80 to 95 
parts copper with 20 to 25 parts cobalt tin. 

Ro.ssf^ (B. P. *21730, 13th December 1918) prepares alloys 
containing 13 to 15 per cent, silicon for en.suring resistance to 
chlorine and to nitric, sulphuric, and acetic acids; or 20 to 2I 
per cent, silicon for ensuriiw resi.stance by hydrochloric ?cid, 
by means of the electric furnace, and removes impurities by 
crystallisation by cooling to not below 1400". The strdT|jth nf 
the alloy is improved by the addftion of small proportioirs ^f 
fluxes — such as iron sulphate. 

Kowalke^ prepares copper aluminiuimiron bronzes with 

* Stahl ti. Eisen^ 1917, p. 309. 

Chem. Eng.y 17 , No. 2 ; ^hem. News^ * 9 I 3 > P* 283. 

® /. Soc. Chem. Ind. {Abstr.\ 1920, p. 787. 

* Chem. and Met. 1920, 22, 37-38; J, Soc. Chem. Ind.\Abstr.\ 

920, p. 158. ^ ’ > * .. 
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satisfactory niechani<j^l*properties, whifh are resistant to acids. 
An alloy having the 4 ompo^>iti®n. Cu 8^ per cent., A 1 9-8 per 
cent, “iron alloy” 3-il per cent;, i*^ particularly resistant to 
sulphuric, phd^phoric, taVa?;ic, and acetic ^cids ; but is attacked 



Parr^ (U.S. P. ii 15239) describes a chromium nickel copper 
alloy called “ illium ” as a substitute for gold or platinum. The 
alloys withstand hot or cold, strong dr dilute, acids, and can be 
cast and machined. 

Clement 2 (U.S. P. 1333706, i6th March 1920) describes an 
acid-resisting alloy containing Cr 60 Fe 39-2 to 397 and C 0 3 to 



Fig. 54. 


0-8 per cent., the carbon being present as a can bide of ^iromium 
and iron. 

Irmann^ describes the preparation of nickel copper alloys 
resistant to sulphuric acid. The iT|aximum resistance is found 
in the 50 per cent, alloy. 

• T^'ciron is manufactured by the Lennox Foundry Co., 
L^.d.*at Glenvillc Grove, NeV Cross, London, S.K., as a hard, 
close-grained alloy, melting, at about 1200°; not rusting, not 
oxidising, and not attacked sensibly by the ordinary corrosive 

* * J. Soc. Chem. Ind.^ 1914, 88, 1161 j 1915, 84 , 1097 ; Mitttnj^ Journal^ 

27th December 1919. « 

* y. Soc ^ Chem. Ind. {Absir.)y 1920, p. 520. 

* Meftall. u. Erz.y 1917, pp. 21-30, 37-42 ; Z. angew. Chent.^ 1917, Ref. 

210 ; /. Soc^ Cfnm. Jnd.^ 1917, p. 928. • * ' 
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substances. Castings vaiying from a few. punces up to many 
tons in weight can be mz^e of it, andiit ha.^been used extensively • 
for many purposes *throii^hdut the iclfcmical industry, and 
especially in the concentfation of^si^phuric agtl. Fig. 54 
^hows the types of evajjprating bftsiij used. The use of tl^ 
larger vessel is recommended by the makers, according to wjiom 
twenty-one 12-in. basins evaporate <hc same quantity of acid as 
one 36-in. corrugated pan, and boil expose the same heating 
surface (7 sq. ft.) to the firc%ascs. 



For ' 1 \ 

For 1 


Small Uasiim. 

80411 . ran. 

The surface exposed to corrosive action is 

3969 .sq. in. 

1374 sq. in. 

The touil acid in circulation .... 

478 Ih. 

221 lb. 

The total weight of ba.sins .... 

210 lb. 

196 lb. 


I’cr ton of acid concentrated, the large pans take 20 per 
cent, less fuel, and recjuire less labour. 

Owing to the low tensile strength of fcrrosilicon alloys, 
it has been found impo.ssible to make bolts, nuts, of .screws, 
etc., to replace those made of steel ; but Messrs Lennox 
Foundry Co., Ltd., have succeeded in producing a “Tant- 
Copper” alloy, which, while it is equally resistant to attack 
from all ordinary acids a» fcrrosilicon alloys, is as easily 
machined as bronze, and has a high tensile strength. 

Narki>metal is manufactured by Messrs John Varlcy & Co., 
Ltd., Waterloo Foundry, St Helens. Although of more recent 
date than the other fcrrosilicon alloys, narki met^l has succeeded 
in obtaining a very wide apolication in •the chemical industry, 
as it has the distinctive ^^rftperty that all flanges and joints 
can be machined in the lathe. The qualities demanded of 
a satisfactory acid-resisting matcr^l are many and various. ^ In 
addition to its acid-resisting properties, it must have sufficient 
strength, tensile and transverse, to withstand rough usage, and 
must be proof against cracking under sudden changes of 
temperature. It must l^e capable of being machined in the 
lathe, and of withstanding the strain to which it is subjected 
when the bolts are tightened at the joints. At the sdrae time 
it must be of such a i?atlire that it can be cast ir%to vessels of 
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the desired sizes ajid shapes. In short, it must possess as' 
•nearly as possible thdlmedfanical properties of cast iron, with 
the additional quality \flacid resistance approximating to that 
of porcelain *and other fragile matefial of a similar nature. It 
is claimed by the makers that all t^\ese demands have been* 
met by “ narki ” metal. 

One use to which “ na|ki ” metal has been applied with 
good success is in conncoCiion with the cascade system of 
concentrating plant. The usual size of the basin is 12 in. 
diameter by 6 in, deep ; but the larger size, 36 in. diameter by 




Fig. 55.-—“ Narki " Metal Basins. 


7^ in. deep, is also used extensively, and gives a much larger 
output (.see Figs. 55-58). , 

Ironac is manufactured by Haughton’s Patent Metallic 
Packing Co., Ltc}., 30 St Mary-at-Hill, London, E.C., and has 
had a wide applicatiqn in all types of sulphuric acid con- 
centrating plant, but c.specially in ^the cascade rectifying plant 
(seep. 136). 

Hartmann and l^enkcr ^ jde.scribe a cascade plant in which 
tfee *{)orcelain di.shcs (sec p. {02) are replaced by special acid- 
resisting iron vessels made by the A. G. fur Bergbau und 
Eisenhuttenbetrieb •at Kattowitz (Silesia)— see p. 118. The 
eight lead pans employed for the preliminary concentration are 
ar/anged in two sets of four each, heated by the waste fire-gases 
of the <;a*-cadcs. The pans arc made of a special acid-resisting 
f. ’ Z angew. Chem.^, 1909, pp, ^95 -97. 
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description of lead •(“ krellblei ”), in^ which the acid can be 
brought up to 152'' tS ij 5 *'^Tw. Without any considerable wear 
and tear. In a privat(^cjmmunicati(Ji tg the author (June 1921) 
Messrs Bender and Mllberg state that they add about 0*2 
Tier cent, of copper to fltie^cad used for the lead pans. The* 
“ nefitraleisen ” dishes are 320 inm. wide at the top, and 165 



mm. deep, and ‘arc placed ^n fire-clay rings, in two parallel 
rows arranged in, cascade form, and heated directly by the 
fire-gases from an ordinary coke-gas producer. Fused silica 
dishes (see p. 108) have also been used, with good success, and 
have replaced the “ neutraleisen ” dishes to a large extent. For 
a detailed description of this plant^ a^ erected in 1911, see 
our fourth, edition, pp. 1 176-1 17S, 
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Mackenzie^ (B. R«2389 of 1912; B. P. 6415 of 1909) con- 
structs a cascade pla|t, vessels ' of the shape shown 

in Fig. 59. ^ \ ^ 

W. Masoni? describe^a 6 capsule plant comprising six lead 
P-yis and forty fused silica* basins, ip which 4 tons of 95 J 
per (jcnt. Pf^SO^ were produced from 65 per cent, feed acid 
per twenty-four hours, at a {ost of 6s. 4jd. per ton. The exit 
gases take only 2 23 per ednt. of the acid away, as against 
15 per cent, in the glass retort 
system. With a forced draught 
furnace, too high a temperature is 
produced in the lower part of 
the plant, causing bumping and 
brcJiking. 

A. Marshall*^ states that the 
breakages in fifteen factories are 
under 5 per cent, per annum, from 
all causes, and the fuel consump- 
tion 17 per cent, of the weight of 
fiiiLshcd acid. 

F. Brown and the United 
Alkali Co., Ltd., Liverpool (B. P. 183, 9th October 1916), 
describe an improved form of basin with two spouts. The 
inlet spout of each basin rests on the edge of the support of 
the basin next above, and the outlet spout rests in the inlet 
spout of the basin next below. 

- Moss '^ states that the fuel consumption, on a cjiitinuous 
cascade plant of stepped basins is about 25 per cent, of the 
weight of concciftratcd acid produced. Gas firing is preferable, 
as it can be regulated easily, and the working of the plant 
is not upset by the cleaning of ^the fire. The maintenance 
of casc->dc plants is heavy, ’as the breakages of basins means 
'tlfiat, the hot acid falls into /he brickwork of the flues below. 
'fhc.se tend to g«t distorted fn time, and cold air is drawn in, 
with loss of efficiency. The impurities (chiefly iron) contained 

, * Chem, Trade 1912, p. 459. 

Met. and Chem. Eng,., 1915, p. 17 \ J. S 3 t. Chem. Ind. {Ahs/r.)^ 1915, 

135. ^ 

* Jdth., p. 136 ; /. Soc. Chem. Ind.,, 1915, 350. 

* /. Soc.ChBm. Ind, {Trans.), I9i8,«p. 68, ^ " 

^ t f 
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in the acid are deposited ^in the basins ir^ the form of crusts, 
which tend to cause the acid. to bemp, ^nd ultimately crack . 
the basin. * 

C. Stoffmchl (Fr. P.*46g 527; Iklg. 258323 c^i 1913) con- 
centrates sulphuric acid in a set of fu^d silica dishes, placed 
partly inside, and partly outside, of a tower made of acid-pj;ooJ 
material, in such a manner that thc^ arc heated consecutively 
by the firc-gases. The dishes placedo nside the tower arc fed with 
the acid previously concentrSted in the dishes outside th^ tower. 

W. K. Lewis ^ describes experiments of the heat-transmitting 
capacity of fused silica dishes. Solutions of boiling-points 
ranging from 100"’ C. (water) to 240'’ C. (zinc chloride) were 
evaporated in a silica dish set in an ordinary gas crucible 
furnace, and the heat consumption calculated from the quantity 
of water required to keep the volume of solution constant 
during evaporation. 

In the concentration of sulphuric acid in silica dishes, it 
is recommended that a thick fuel bed be used with insufficient 
air for complete combustion, and with injection of .steam, if • 
necessary further to reduce the temperature to which the 
dishes set directly over the fire are exposed. Thc» carbon 
monoxide or water-gas produced is burned by introducing air 
along the Hue, which is packed with heat-conducting refractory 
material to facilitate radiation. In this way breakages are 
minimised, and a very regul^ir temperature maintained along 
the flue. 

CarmioJiael and Guillaume - (Jk P. 15678 of 7th July 1913) 
describe an improved form of basin fitted with a deflector (see 
Fig. 60), which is detachable from the basin, an/l consists of a 
half tube of .semi-circular cro.ss ’.section, curved so as to lie with 
its edges against the sides ol <he basin, from nearly the bottom 
up to, and beyond, and overhanging, the lip of the vessel. In 
ordinary practice, w ithout a deflector, the acid from the*basin*®^ 
above flows on to the surface of tlje one next below it ; pasSe.*^ 
across the surface and over the lip ^f the basin. In this way 
the bulk of acid is not properly displaced, and gives rise to an 
accumulation of iron .salts, which are very difficult to remove,, 
and increase the difficulties of working the plant. The defleetdr 



lid 

compch the dens^.acid from the J^Aom of the basin to be 
. forced over the ovei:flow*4o Uiq next •below it in the cascade, 
and thus disturbs ai% (Jeposit of i^n salts, which are therefore 
kept in mSyement, aiMl descend throd^h the cascade into the 
cooler at the lower en^ wkcncc the iron salts may be remove|l 




easily. The device may be made in fused silica or any acid- 
resisting ware.^ *{ 

According to informlition supplied by Messrs Benker & 
Millberg (May 1^21), the French manufacturers employ almost 
. exclusively the Kessler and Gaillard systems of concentration 
{see pp. 168 and 195), and use the cascade system only when 
a qui^t'pure water white acid is required. The present arrange- 
ment of thp plant is shown in pig. 6c. \ 
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Two parallel rowfi of rectangular quartz dishes are arranged 
in cascade form, so that tUb acid overflows from the lip of each 
upper pan^ and run^ into the*nct<t lower one. No fireclay 
supports ara used, anci the dishes *rest on the sides of the fire 
ijluc, and arc directly c^)o^cd to the^hcat of the gases. In th« 
dranving, an ordinary type of fire-grate is shown, together with 
a small subsidiary grate for heating the preheaters, but a small 
ec'ke j^as-prodiiccr is prcfePable. The first four quartz vessels 
( 1000- mm. X 400 mm. x 150 mm.) .serve to preheat the acid, 
and arc uncovered, as no fumes arc evolved at this stage of 
the process. The concentration proper is carried out in twelve 
quartz vessels (610 mm. x 310 mm. x 100 mm.) enclosed in 
a volvic chamber, from which the vapours arc drawn off by 
means of a Kestner fan, and 'pass, first through a cooler, and 
then through a coke scrubber to remove the traces of acid 
mist. The acid condensed in the .scrubber varies in .strength 
from 35 to 65 ''Tw., and is run back again into the feed acid. 
The concentrated acid leaves the plant at strength of 168° Tw. ; 
as it comes in contact with quartz only during its passage 
through , the plant, it is as clear as water and free from 
impurifie.s. 

Lcitch (B, P.s. [495 and 16001 of 1915; U.S. P.s. 1257894, 
1257895 of 1915) concentrates sulphuric acid in a continuous 
cascade in three stages; fir.st in lead pans up to 75 to 80 
per cent H^SO^ ; then in intern^ediate vc.s.sel.s up to 85 to 90 
per cent. ; and finally up to 96 to 98 per cent, in iron pans, 
separately enclosed in a muffic type of ^furnace e'under and 
over which the hot ga.ses are circulated. The vessels inter- 
mediate bctw( 5 en the lead pans, which arc preferably open, 
and the iron pans, •which are ^separately enclosed, may be 
of silica, glass, porcelain, or any flcid-resisting alloy capable of 
.^withstanding acid of this Strength. These vessels are enclosed 
in, order to recover the dilij^e acid carried away by the vapour. 
'At a suitable devel above* the uppermost of the lead pans, 
reservoirs arc placed for *the weak acid to be concentrated, 
from which the acid flows down towers which preheat the 
*acid before it is fed to the lead paiv. The iron pan in which 
the final concentration takes place is closed by a suitable cover, 
so theft^ the hot vapours arising from the pan are collected and 
led to the 5 :owers, which are placed m\)re or less directly over 
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cent. H2SO4) is required. •An increase in the? output of the plant 
is obtained also, so th^t the greateV flow of acid through the basins 
tends to reduce the fogmaAon of deposits, and, in cpnsequence, 
to reduce the number of breaka^ae ^ncl the time spent in 
tleaning operations. Irregularities in ^he life of the iron pans 
are very frequent, and may be attributed to (i) variation in 
the material of which the pan is made; (2) irregular firing of 
the furnaces (this does no^ occur with gas or oil firing, to khe 
same extent as with coal firing); (3) occa‘^ional carelessness 
in running down the acid too weak into the pans, thus throwing 
too much work upon them, in addition to causing corrosion. 
(One disadvantage of the use of iron pans at the bottom of 
the cascade plant is the fact that, in the event of the plant 
standing idle at any time, the ‘surface acid absorbs moisture 
from the air and causes corrosion at the liquid air line, owing 
to the formation of weak acid.) 

Fig. 65 shows the general arrangement of a typical standard 
cascade plant, fitted with an iron pan at the bottom for bringing 
the acid up to 96 per cent. II.2SO4. The acid level in the pan 
is maintained at about 6 in. depth, to prevent silting up witji 
iron sulphate, which reduces the efficiency of the plant. The 
pan is fitted with a separate fume pipe of lead-covered earthen- 
ware, or, preferably, of a ferrosilicon alloy, and the vapours 
are condensed separately. The condensed acid flows through 
a Twaddell jar, and the st^Luigth furni.shes a .sound guide to 
the working of the plant, so that the firing and flow of acid 
can be rd^latcd ^ obtain a continuous run of high-strength 
acid. 

Fig. 66 shows the type of cast-iron pan and cover supplied 
by Messrs John Varlcy & (/x, Ltd., of St Helens, Lane., for 
the concentration of sulphuric acid. The internal dimewsions 
of the pan are 7 ft. 2^ in. long ‘by 2 ft. iij in. v^de by 
17 J in. deep, and 4 in. thick, wit]j an inlet and an outlet /or 
the acid, and an outlet on the cover /or the futnes. Such pans 
are employed very extensively forkthe final concentration of 
sulphuric acid in cascade plants. 

According to the Alkali Inspector's Report for 1915 (p. 73); 
the advantages derived from the introduction of cast-iron pans 
into the bottom of a cascade plant are two-fold. In the first 
place, an increased pfoductjoif of acid i.‘^ obtained ; secondly, 
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the greater flow of* acid through the *basins tends to retard 
sedimentation, and there *are fewer brftak^ges in consequence, 
and less logs of time spent in clerfnin^ operations. 



Ironac OascaUe Plant. 

An ironac cascade concentrator (Fig. 67) illitf>:rates the 
Haughton-Tungay sy.stem of improved cascade concentrator as 
constructed in ironac (B. P. 114072 of 23rd May 1917’). This 
is a modification of the cascade system, consisting of a series 
of rcrtangular preheating trays made of ironac metal, for the 
graduj^l heating up ,of tl\e* cold acid to be concentrated. The 
run-off from the trays is arrajjged alternately right and left-hand, 
to incrca.se the travel of tlje«acid, and hence the time of contact 
with the flue-gases ; the tf^ys arc not covered, as no fumes are 
evolved in this portion of the plant. The acid from the trays 
passes through a connecting-pipe ii|to a run of small ironac 
basins of semi-spherical shape, each 300 mm. diameter by 150 
mm. deep, and having an outlet lip. The upper edges of the 
* ’ /. Soc^ Chem. Ind. {\4bsfr.\ 19*18, p. 266A. 
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basins are corrugate'd* to facilitate the* free expansion and con- 
traction of the metal, and als6 ^o pr^v^eqt any loss through 
the frothing, of the acids during coAcen|ration. 

Fig. 67A shows an improved basin, fitted with a baffle placed 
around the outlet, so thaj onV the strang acid from the bottom • 
portion of the basin is allowed to 
escape. A fume flue is formed over 
the basing by means of acid-proof 
slabs, and the fumes evolved during 
the concentration process are drawn 
away to suitable condensers. 

With a view to reducing floor 
space and obtaining higher efficiency, 
a visible type of cascade plant has been designed, and a number 
of installations are working with considerable .success (Fig. 68). 
The main feature of the plant consists of twelve shallow ironac 
pans, each 3 ft. diameter, and each having a separate cover, fitted 
,with a fume pipe leading to a common flue for conveying the 
fumes to a scrubber. In this way the plant is open practically 
always to view, and temperatures can be taken from each of 
the pans regularly. It is claimed that much less floor space 
is occupied by this system, and a higher efficiency obtained. 
Dealing with cold sulphuric acid of 64 to 65 per cent., and 
concentrating up to 93 to 94 per cent., this plant will produce 
10 tons per twenty-four hours (xf finished acid, with a fuel 
consumption of 12 per cent, of the weight of acid produced, 
according to information supplied by the makers. 

A further modification of the cascade system by Tungay 
consists of a seiies of corrugated trays or plates, over which 
the acid in course of conccntratic^n slowly ripples throughout 
the Icfigth of the plant. The trayS are set in special fire-brick 
settingif over inclinod flues, to allow of gravitation of the 
acii*. whilst in the course qf concentration. The noticeable 
feature with thiS plant is. tfhat very little weight of acid is 
contained in the plant du^.ng the actual period of treatment ; 
whereas, with the system described above, a very considerable 
Quantity of acid is retained always •in the plant itself; this 
fact always presents a certain amount of difficulty whenever 
breakafe or the necessity of replaciijg a vessel occurs. This 
rippling ca^ade typf^ is said t(t t^e a v^ry efficient design. 
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According to th6 $ist A/^a/i Insp^tor's Report for 1914, the 
use of the cascade system foi' Idle coifceijtration of sulphuric 
acid was exl^pnded during the year. ‘It important to maintain 
a proper relation between ^he draug'ht in the fire-flue and that 
in the fume flue. In several casesnan undue escape of acid* 
vapours was caused by the fact that the draught in the fire-flue 
was stronger than in the otlK^r flue, so that the fumes went into 
thc^iip^ney instead of goin^ into the condenser. 

The following remarks on the cascade system are made in 
the S 2 n(i Alkali Inspector's Report for 1915: — 

For the efficient and satisfactory operation of the cascade type 
of concentrating plant, it is essential that : (i) a greater draught 
should be given, to the flue leading the evaporated gases and 
vapours towards the condenser.^ than is given to the fire-flue 
leading the fire-gases to the chimney ; (2) excessive local intense 
heating of any section of the cascade be avoided ; (3) adequate 
means for the condensation of the acid vapours be provided. 

Sufficient draught on the fume flue ensures the proper 
removal of vapours of evaporation ; it thus increases the amount 
o[,work done by the plant, and at the same time prevents the 
objectionable acid fumes from being drawn into the fire-flue, to 
pass thence by way of the chimney into the air. Intense local 
heating leads to badly balanced evaporation ; to dissociation 
of the acid, with a consequent undue formation of fume ; to 
violent ebullition in some of the v/^ssels, leading to breakages, 
entailing further formation of fume accompanied by general 
deterioration of the plant. Adequate coudeiv^ers are*.^ieccssary, 
in the interests of the public, and are practicable on all such 
plants. From experience gained in the past, the tables on 
pp. 1 41, 142 have been Compiled for, .the information of those who 
have t© do with the erection and ojSeration of these plants. 

According to the. Inspector's Report for 1915 (p. 93)» 
experiments made in covcrij)g over with sheets of asbestorite 
the open silica pans usually *instal led in one type of cascade 
plant have shown ^ considerable increase in the temperature 
and strength of acid, as compared with the preheaters exposed 
Co.. air currents. The actual mean figures were: — 

Exposed : strength of acid entering and leaving preheaters 1 16“ and 1 18° Tw. 
Covered^ „ „ «> )> *16° „ 124° „ 

* r Diffcrencf 6^ Tw. 
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lese figures represent actual practice, aifd should not be taken as anording a standard of excellence, as in many ca 
has shown that increased condenser space has been found necessary {Alkali Inspector s Report^ 19 1 5)' 
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The Alkali kh^ector's Report 1916 contains the 
following remarks on ^e caj^ade fjiant. 

Of the various t^pes o 4 concentrating plant the “ Cascade ” 
system was the most Sumerous, and the most varied in design. 
,This type lends itself moje readily ^fian others in* use to undue 
escape of fume through faulty design and constructioiv or 
through over pressure in productij^n. 

The high acidity of exit-gases itay be traced to one or mjcye 
of three causes: (i) excessive boiling in the lowef*^ basins, 
due in some instances to bad constructional details ; in others 
to an attempt to over-drive the plant; this excessive boiling, 
especially when there is a deposit of iron sulphate in the basins, 
causes ejection of acid, and even breaking the basins, with the 
result that the acid finds its way into the fire-flue ; (2) insufficient 
size of scrubbers employed for dealing with the exit-gases for 
the plant ; (3) insufficient draught on the basin flue, so that 
a portion' of the gases passes downwards into the fire-flue 
instead of going to the scrubber. 

The 54/// Alkali Inspectoi^s Report for 1917, refers to the* 
advantages of careful firing in cascade plants, and mentions one 
large installation where coal firing by means of mechanical .^Lokihg 
gave excellent results, due to equable heating and the minimising 
of temperature fluctuations so detrimental to the basins, and 
which is due to intermittent admission of exce.ss of cold air. 

According to Bulletin 184 of the Bureau of Mines 135), 
since the development of ffised silica basins there has been 
a more general adoption of the ca.scade sy.stem of concentration 
in America, and several plants have been erected. The largest 
is at the Davison Chemical Co. at Baltimore, Md. 
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The figures on preceding page on,fti6 efficiencies of cascade 
■ concentrators have been jrtMtracted fro||r the Second Report on 
Costs and E^ciencies for H.M. Factories issued by the Depart- 
ment of Explosives Supply, Ministr;? of Munitions (p. 63). 

• • 

^ Concentration in Iron Vessels. 

The behaviour of cast (end wrought) iron against sulphurjc 
acid has been described in Vol. I., p. 239 et seq. 

Above 93 per cent strength tliere is very little action on 
c^st-iron, and hence cast-iron pans are used frequently for 
concentrating sulphuric acid from 92 to 93 per cent., to 96, or 
even 98 per cent. H0SO4. In some places they employ long 
pans (about 10 ft by 2 ft deep) covered with a leaden dome, 
in which the acid (not below 96 per cent.) is heated to 240® C. 
At one end a stream of heated air is blown in ; at the other 
end the acid vapours escape by a lead tube into a lead con- 
denser. The constant change of air allows of bringing the 
strength up to 98*5 per cent. At the end of the operation, 
when drawing off the concentrated acid, enough is left to yield 
acid of not less than 96 per cent, when feeding with ordinary 
acid of 93 to 94 per cent. In other places they employ pans 
with rounded corners, of 6 ft. 6 in. by 3 ft. 3 in. by i ft. depth, 
provided with three necks (one for feeding, two for the acid 
vapours). The joints are made good with a mixture of 
asbestos and silicate of soda .solution. Near the bottom there 
is an outlet pipe for the acid. The pans are surrounded by 
fire-flues, which keep even the covers hot. Two ^uch pans, 
placed terrace-wise, and weighing about 7 tons, inclusive of 
connections, arC.said to produce (from acid of 142° Tw.) 4 tons 
of 98 per cent, acid per twenty-fopr hours, with an expenditure 
of 25 .to 27 per cent, of coals. < 

Tat A mentions. Dots 9- ft. wide, 6 ft. deep, and 2 in. thick, 
wjth cast-iron lids weighing ii or 12 tons, in which acid of 
sp. gr. 174 is cociccntrated within twenty-eight or thirty hours, 
to ^ per cent. One suc^ pot produces 12 tons of acid. It 
is allowed to settle and cool for twelve hours, so that one of 
' these pots can be finished every two days. From time to time 
the mud, consisting of iron salts, must be cleaned out; and 
this represents 4 or 5 per cent, of acid lost. 

^ J. Soc. Chem. Ind.^ 1894,^9. 208. 
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A detailed account dfV^e types cast-ifon pans employed 
in America is given by|Lung0,^*ana*is abstracted fully in the 
4th edition of this work,^whiCh :?hould be consulted fog additional 
information. As the planft are no^ obsolete, jnly a brief 
^ description is given belovv.f * 

In one place they concentrate from ^3-5 per cent, to 98 per 
cent. H2SO4 in round cast-iron pan#, 3 ft. wide and 2 in. thick, 
with double flange for a hydraulic joint, in which a water-cool^ 
leaden hood dips. The hycTraulic flanges arc lined throughout 
with lead, as they are filled with weak acid ; such a pan lasts 
two months. At another place they have two .specially fired 
iron retorts, with a bottom part 8 ft. by 2 ft. .section, and 8 in. 
deep, connected by a flange and rust-joint \Yith a lid only 
4 in. deep. 'Ihc fire plays alh round-first underneath the 
pan, and then above it, in a 12-in. wide flue. The 6-in. 
vapour-pipe passes through thi.s. The acid attains 98 per 
cent. H2SO4. When the acid is u.scd only for refining 
petroleum, the pans are heated by heavy petroleum (sp. gr. 0-833 
— the residue from the manufacture of paraffin) injected by a 
steam-jet. 

The travel of the acid through the cast-iron pan is indreasTd 
in the plant erected by W. Ouinan, by means of longitudinal 
partitions, which divide the pan into three channels. The 
bottom of each channel is bulged outwards in order to enlarge 
the heating surface. The pans are 5 ft. 6 in. long, i ft. 6 in. 
broad, and 10 in. deep. The channels arc 5 in. wide, and the 
thickness metal^ | in. The duration of an iron pan is from 
four to eight month.s, and chilled ca.st-iron gives the best 
results. Small holes .sometimes forming at tjic inlet can be 
stopped up by silicate of soda* cement. - A deposit is formed 
at the bottom consisting principally of iron sulphate, ^vhich 
is removed regularly every fortnight... The pan is cmp%d, the 
cover removed, the outlet clo.scd, aijd the pan filled with water 
and heated to boiling. The crust»* which are»somctimcs ^ m. 
thick, are then chiselled off. Such^cru.sts, of cour.se, greatly 
diminish the heating efficiency. 

The fuel consumptioii for making 97 per cent, acid is^ 
equivalent to 28 to 30 per cent, of coal, but is used in the shap*e 
of crude petroleum, sprayed by superheated steam. % The 
* Z. ilkisew, Chem., i 8 q 4 , p . 131 ;. • 
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introduction of this system in lieu oj^aicoal fire has not merely 
• saved labour, but also incf^ased the outout very considerably. 

Scheur^r-Kestner ^ employs • ca«t-iron* pans fitted with a 
platinum dome.^ • * 

Hartmann (B. P. 2839 tf 1879) saturates the acid with iroy • 
saits, which, during th« concentration, again separate out and 
protect the iron of the pan against the acid. 

Menzics (B. P. 3230 of 1883) asserts that sulphuric acid 
of thc*Miighest concentration can contain but traces of iron 
and arsenic in solution, provided the latter be present as arsenic 
acid, but, according to analyses quoted in the 20th Alkali 
Inspcctoi^s Report (1883), p. 45, the removal of arsenic is nothing 
like complete. 

In the 28/// Alkali InspactoPs Report (p. 55) Graham’s 
process is mentioned, in which the concentration takes place 
in a series of cast-iron dishes. It was found that hot sulphuric 
acid in thin layers, in contact with cast-iron, tends to dissociate 
into SO3 and HgO, so that from a certain point the acid 
becomes weaker, the longer and more strongly it is heated. 
The dissociation is caused evidently by the superheating of 
the ff6n, which becomes much hotter than platinum. This 
observation proves the advantage of causing the flame to 
travel in the same direction as the acid, so that the strongest 
acid is not in contact with the hottest part of the flame. In 
such dishes the acid cannot very well be brought up higher 
than 92 to 93 per cent. H2SO4 ; wnilst in deeper cast-iron pans, 
higher strengths can be reached (see p. 144). 

Herre.shoff, H. and G. Nichols^ (B. P. 1998 of 1887 ; U.S. P. 
357528) cause' sulphuric acid, previously concentrated up to 
86 per cent. H.2SO4, .to flow iit a zigzag canal, whereby it is 
exposed to such a degree of hqat that it is concentrated up 
to 95 96 per cent. PTom here it flows into another similarly 

shaped vessel, heated to suclj a degree that a half to two -thirds of 
the acid goes aw?iy in the sfkape of vapour, and is condensed to 
acid of 93-5 per cent, nearly chemically pure. This process is 
described by Chandler.^ 

' Bull. Soc. hid. Mulhouse^ 1^92, pp. 320-348. 

- See 4th edition, pp. 1165-1166. 

^ J. Soc. Chem. Ind. {Abstri)^ 4|8S7, 6, 370. 
t * J. Soc. Chem. Ind.^ 1^8, p. 269c 
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MacKenzie’s B. ^^(26278 of 1904)* is described in the 
Chem, Trade /. of J905, 106. Acid of sp. gr. 15 5 is 

run from a store-t<'^nk thiDugh a lead coil, hpted by the 
waste gases from a tow<!r below, ^filled with bricks, where it 
is concentrated to sp. g^. 1775 td i-8oo by direct contact with 
the hot firc-gascs, coming from the* cast-iron pot, whcr*» the 
^ final concentration takes place, .dderc hot air, produced in a 
chamber containing cast-iron plfjcs, is blown throi^h, whilotf 
the pot is heated externally by the gases commg from 
the air-heating chamber. The temperature in the cast-iron 
pot need not exceed 270'', since the hot air blown through 
is sufficient to bring up the acid to full strength at that 
temperature. 

EIli.son^ (B. P. 17760 of >902) concentrates sulphuric acid 
in a closed cast-iron pan, within which is a pipe of acid-resisting 
material, of rather less diameter than the pan, and having its 
bottom edge serrated. Dilute acid is led into that pipe, and is 
concentrated by the heat from the surrounding strong acid. As 
the acid in the inner pipe becomes concentrated, it flows through 
the serrations to replace the concentrated acid in the pan. A 
leading object of the invention is, that only concentrafe3*aci(r 
.shall come in contact with the cast-iron boiler. 

levers 2 (Ger. P. 176369) effects a continuous concentration 
of acids by means of two coils of pipes interposed between each 
other, on the bottom of the pan, through which the liquid passes 
on. The concentrated acia runs out at the side, after having 
given up4)art of Jts heat to dilute acid introduced in the centre 
of the vessel. 

Proelss and Hall ^ (U.S. P. 960702) employ a cast-iron pot or 
boiler, provided on the top with an annular flange and rim ; from 
this a pipe leads to an exten^iion with interstitial “ packigg,” over 
which the weak acid flows on its way to the boiler. A%the level 
of the acid boiling in the pot rises^above the flange, the stronj^est 
acid from the bottom passes out#and upwards by a tube into a 
second pot placed over the first ; here the acid is made to travel 
over the bottom in a thin layer, and is thus highly concentrated. 
Acid of 98-2 per cent, is said to be produced continuously by tbic- ' 
apparatus. 

‘ /. iVv. CAe/». Ind.y 1903, ^ 950. * Z. anj^ew. Cketn.y 1907,^0, 1066. 

^ Ckem. Zeit. Rep.^ 1910, 8^342. 
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Stange^ (B. P. QPcsf 190;^; Ger. P. 1^8901 ; U.S. P. 837592 ; 
PY P. 372326) concentratejf suljjhwric add in conical cast-iron 
pans, the sidqs of which are heated oiftsid^, ty means of hot air 
being blown over the surfaq^ of the Ifquid. The bottom of the 
pan is cooled, and has a conduit Icadiiig to a cooling chamber 
ben(»th. In the pan a stoneware vessel with an opening at the 
bottom is suspended, througW which the dilute acid must pass, 
before getting into the cast-fron pans; thus the lighter dilute 
acid floats on the already concentrated acid, which does not mix 
with it, as it is prevented from boiling by the cooling of the pan- 
bottom. Therefore the sludge, inevitably formed when concen- 
trating sulphuric acid in cast-iron vessels, does not burn fast 
to the bottom, bi^t remains in the form of a mud, which is let 
out easily at the bottom without* stopping up the outlet for the 
concentrated acid situated higher up. The escaping vapours 
arc condciivsed in a Glover tower. 

Friedrich" recommends a cast-iron concentrating apparatus 
in which acid of 106 or 142' Tw. is run on to the surface of a 
farge quantity of boiling acid of 142" Tw., and the concentrated 
acid is run out continuously at the bottom by means of a 
siphon fixed tube from the bottom with an overflow at the 
top, is stopped up quickly by mud). Me proposes to connect the 
bottom of the vc.sscl with an acid egg, serving as a mud collector, 
and to pass the vapours escaping from the pan through a small 
tower like a Glover tower, fed with chamber-acid to such an 
extent that the ga.scs issuing from it have a temperature of 
about 100“ C. ^ •' 

The Galizische Karpathen Petroleum A. G. Vorm Bergheim, 
MacGarvey, aiid’A. Gcllen^ (Ger. P. 271625 of 13th June 1912; 
Austr. P. 60565) concentrate sulphuric acid in a cast-iron 
apparah'is, as shown in Fig. 69, consrsting of a pan (^/) provided 
with an#-.utlct (/) fi^L^die concentrated acid, and heated by a 
direct fire, a lid (/^), and a hood {v). The latter, as well as the 
lid is heated from the outside by the fire-gases, in order to 
protect distilling Vapours fijom condensation. Pipe {(f) carries 
away the vapours; its lower part is surrounded also by fire- 
“^ses. Within the hood (c) there is u set of dishes (/), the 

‘ /. Soc. Chem. Ind.^ 1907, 26 , 967. 

^ Chern. 1909, p. 478 ; /. Soc. dcfn. Ind.^ 1909, 28 , 653. 

3 y. Chem, /jv/., 1914, p. 4 t^ 3 -, * 
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lowest of which rests by mean^s oCjthe paVts (g) on projections 
(//) attached to the^id^s of the pan (a). The cover (^) may also 
be shaped in such a w»y that it forms itself the lowc^ft of the dishes 
(/). This dish is provided with a central opening, the margin of 
which is lower than th(? outer lip of the dish, so that the acid, 
after being previously concentrated on its way through tl^e set 
of dishes, can run away in the ccn|f-e of the last dish. A current 
of hot air may be aspiratgd through the apparatus, aiid several^ 
pans may be arranged alongside. The weak acid runs through 
k on to the top dish. y\ll the acid vapours escape through d, 
either into a cooler or into a tower mafle of acid-proof material 
fed by cold acid, which is thereby heated and increased by the 
condensing di.stillate. 



Fig. 69. 


Morgan (H. P. 127652 of 14th May 1917, appl. 6831 of 1917) 
dcscribc.sm smalUtower (4 ft. in diameter), having an acid-proof 
lining, in which is placed a series of shallow lipped basins ^ 
(3 ft. in diameter), one abovcj another, altcriiatcly on opposite 
sides of the tower on C.I. rupport.s, so as to allow the acid to 
drop continuously into the basin below. Weak acief to be 
concentrated is fed into the top oT the tower, and, iTl flowing 
downwards from basin to basin, K concentrated by the of 
the hot fire-gases passing up t!ie tower. The basins act as 
baffles, causing the fire-gases to ti^c a circuitous route. The 
upper basins are made preferably oi ferrosilicon alloy, but near 
the bottom where the a< 5 d is stronger, they can be of cast iron, 

A slight draught is maintained on the tower, and the waste 
gases are exhausted at the top into scrubbers, and th'^nce to 
the chimney. The cfincentrajed acid passes awa 5 > through a 
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sump at the base of 'the tqtwer^ Tho^sides of the tower are 
made in such a way that one of- mori* c^n be removed for 
cleaning or impairs. (See Figs. 76 and 71.) 

Dreyfus^ (f. P. 101642 ef 1916) concentrates sulphuric acid 
from 92 per cent, upwards in a cast-iroit apparatus consisting of < 
an outer cylindrical panf fitted with a lid, and containing a 
series of concentric cylinders* alternately supported by the pan. 


rr ~ n * 



down arfil up to tke,outorlTiost space, which it leaves by an 
overflow pipe. Advantage is^ taken of the fact that (a) 90 to 93 
per cent. 1 12SO4 "does not attack cast iron ; (if) that in the 
concentration of the^higher strengths are at the bottom ; 

(r) that water is eliminated gradually by the extensive travel of 
* the acid through a number of vessels. •» 

The Clayton Aniline Co.- (B. P. 11544 of 1898) employs 

^ /. Soc, Chem. Ind.y 1916VP. 1155. 
f ^ y. Chem. In^. {Ads^r.\* 18 , 494. 
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ast-iron pans in such ■ aVnann<5r tj:\at the •acid of any desired 
itrength is run on to t^e centre ol the surface of heated acid 
:ontaining not below po ot 93 per cent, sulphuric ^cid, at the 

;ame time withdrawing so much strong acid from the bottom of * 

0 ^ 



;he vessel that the level remains constant. (V\ similar process 
s described in Gridley’s U.S. P. 215495 of 1882.) 

Dreyfus and the Clayton Aniline Co. (B. P. 788 of 1902^ 
kscribe a recuperator tower 4 to 8 ft. high, packed with acid- 
Droof material, for use in conjunction with the above apparatus. 
The distilling vapours»from tha concentrajion pot i^pter at the 
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bottom, and the weak acid ^o be conc^trated is fed into the top 
of the tower. • * , 

The author is indebted to .Mr P.^ Parrish of the South 
Metropolitan Gas Company, Phoentx V^harf, East Greenwich, 
S.E. 10, for particulars of an^improved|type of Dreyfus cast-iron, 
concentrating pot. In the plant for the production of synthetic 
phenol, the capacity of the;, sulphonators is a function of the 
strength of .sulphuric acid ♦'used in the sulphonation of the 
benzene' Pending the erection ofhn oleum plant, a cast-iron 
concentrating pot of the Dreyfus type was erected (1916) to 
increa.se the .strength of the sulphuric acid from 93 per cent, 
to 96-5 per cent. 11 .^ 80 ^. A general arrangement of the plant, 
comprising four Dreyfus cast-iron pots, recuperator towers, fume 
collecting-box, graded coke .scrubber, cast-iron coolers, etc., 
is indicated in Fig. 72. 

The acid to be concentrated was discharged from railway 
tank wagons to wrought-iron .storage boilers. In order to 
admit of feeding the acid to the recuperator of the Dreyfus 
*pot by gravitation, an overhead lead storage tank was con- 
structed, and this was filled by withdrawing the acid from the 
’ wroiT^ft-iron storage tanks to a cast-iron egg, and elevating by 
compressed air. To allow of a delicately-adjustablc feed of acid 
to the recuperator towers, special feed-boxes were provided. 
The recuperator towers served a two-fold purpose. They 
preheated the cold feed acid prior to introduction to the pot ; 
and, .secondly, cooled partially th'o vapours and products of 
decomposition arising from the acid bein^ concc^itrated in 
the pots. 

In designing thc.se towers regard was had to the probable 
temperature of the exit-gases. ’ It was realised that if too 
much fooling was effected, dilution, rather than an accession of 
tempcr%Virc of thq^ feed .acid, would occur. The importance 
of^a .special packing'medium for the towers was recognised 
also. It was decided to Fine the recuperator towers with 
special acid and heat-resisting bricks (obsidianite), and to use 
Irish (Arklow) quartz as a ^filling” medium. 

^ ^ Generally speaking, the Dreyfu.s, pots used were of the 
standard design (3 ft. 4J in. deep by about 3 ft. in. 
mean ^diameter), except that a special cast-iron shield was 
provided aj, the top of the pot, to arre^ the corrosion of the 

^ *■ (4 
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"acid level.” The pots ^ere v^ated on four curvilinear blocks, 
and the products of combustigrr^from a coke fire passed through 
a pigeon-holed seniicifcular ^rch under the pot ^nd around 
" wheel ” flues, finally discharging into a chimncy-stack, 32 ft, 
>igh by 2 ft. square, whi^h chimrej^ served for t^o pots. The 



hot acid was led into a cast-iron couling-collccting pot, passing 
thence to a shute, the lead linii:;^ of which was protected by 
suitable trough tiles, bedded in a special cCrnent constituted 
of silicate of .soda and ground 'jolvk lava. The acid was 
discharged finally into a •ast-iron and blown to a wrought 
iron storage boiler, arranged in such a way that the acid could 
be gravitated to acid tayk barges, or to railway tank vmgons, 
at will. The products tf dissociation leaving the four«^:ccuperator 




• « 


Fig. 73- 
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towers were collected in aVead bpx ((^4-lb. fcfiemical sheet lead), 
water-sprayed, and a^ 12-in. diameter’lead pipe conducted the 
gases to a coke scrul^er, 12 ft. by 12 ft. by 6# ft. 6 in., 
arranged to afford downward tlo% or percolation of the 
'fcondensed gases. • 

By the operation of a Kcstncr high-pressure regulus meilll 
fap on the outlet of the condenserya suction of about o-5-in. 
water-gauge was maintaine^d on the Dreyfus ca.st-iron pobs. , 



The plant, as described, worked continuously for about tw'clve 
months, and the weak points disclosed were : — 

(1) Difficulty in maintaining the covers of the pots gas-tight. 

(2) Heavy wear and tear on the lead collecting-box. 

(3) Ina(ipquatc^cooling facilities for the concentrated acid. 

(4) Corrosion of the pots on the acid line behind the shield. 

(5) Rapid “scoring” of the regulus metal valve affixed to 
the cast-iron acid eggs. 

(6) Escape of acid fumej at the dish of the recuperator 
tower, and the point of di.scharge frgm the..goose-necifc to the 
cooling-collecting cast-iron pots. 

The difficulties enumerated und^r i, 4, and *6 were overcome 
effectually by modifying the de.sign of the 'Dreyfus pot and 
accessories, as indicated in Fig. 73, aJd by arranging a gas-tight 
cast-iron cover to the disk of the recuperator towers, as shown 
in Fig. 74. 

Profuse water-cooling ^f the lead collecting-box reduoid the 
wear and tear at this point (No, 2). The adoption gf^ special 
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serpentine water-sprayed \f:ast-ir|)n pooler* Afforded adequate 
cooling capacity for the concentratccf acid, and thus enabled 
l\o. 3 difficulty to be ^overcome. Details of this cooler are 
shown in Fig. 75. The sqifare flati^gs have a raised circular 
Machined flange, and all ^’oints are made with J-in. asbestos 
sheet, thoroughly immersed in silicate of soda. With tlf^ 
reduction of temperature of the fn|il acid accompanying the 
installation of the above cooler, and by using a ^King’s « 
cast-iron wcdgc-sha])cd faced disc valve, the “.scoring” 
trouble indicated under No. 5 heading was surmounted 
satisfactorily. 

With the incorporation of the above modifications, the plant 
was converted eventually into a fool-proof one, which was capable 
of concentrating icS tons of .sulphuric acid from 93 per cent. 
HgSO^ to 96- 5 per cent. per day. The control of the 

plant was effected by maintaining the temperature of the acid 
at a point approximately 6 in. from the bottom of the pot 
at 315'' C., and by determining carefully the specific gravity of 
the condensed acid leaving the coke .scrubber. Immediately 
the .specific gravity of the condcn.scd acid exceeded 148'’ Tw., 
it was known that di.s.sociation, as distinct from concentration, ^ 
was occurring, and constant attention was directed to this point. 
Samples of the final acid were collected each shift, and the 
tests recorded ijromincntly in the Dreyfus plant, for the guidance 
of the process-men and foremen. 

It should be noted that 1 .hc capacity of the pots allowed 
of about twelve hours’ contact of the acid in the pot. The 
cast-iron pots were cleaned about every two months, and the 
coolers every three months. 

It was found that a i-in. (^a.stdron over.sct siphon answered 
admirably for withdrawing supernatant acid from the, pots 
and coolers. Invariably the acid .so /emoved was copied by 
passage through a portable cast-iron .serpentine cooler. The 
cast-iron pots had to be entered in /rder to remove the sludge, 
but in the case of coolers, provision was made fof “ sludging off” 
the sediment by flushing. AltogetheifSocx) tons of concentrated 
sulphuric acid was produced, and twelve pots were u.sed in all— • 
four of which were intact when the plant ceased finally to 
operate. The average cok^ consumption was 2 4 cwt. poton 
of final concentrated aqjd, and the respective propo ftjons of 
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final concentrated* ^cid per gfent. H2SO4) to condensed 
acid (80 per cent HgSO^) wei»e as 81*3^ is to 14-3. The loss 
in concentration was 4-3 per cent. *■ * 

Oast-Iron Pans Protected by ISnamel or Otherwise. 

^ • 

It might be thought^that cnaviclled cast-iron might be 
inorc suitable for the concentration of sulphuric acid tllan 
ordiivary cast iron. In fact, Rodtr^ proposed enamelled cast- 
iron boilers, and indicated a special kind of enamel for them : 
I part of powdered burnt alum, 4 parts of red-lead, and 2 parts 
of pure silica, arc to be melted together; the fluxed mass is 
to be cooled with water, dried, powdered, and 15 parts of it 
intimately mixed with 20 parts of pure silica and 3 parts of 
tin oxide. The whole is ground up with spirit of turpentine 
laid with a soft hair-brush on the smoothly turned inner surface 
of the boiler ; and this is repeated three or four times, each 
coat being allowed to dry first The enamel is then fixed by 
fusing on as usual, but even the be.st enamel will resist only 
a very short time the boiling sulphuric acid and the uneven 
expansion and contraction of metal and enamel at the very 
greatly differing temperatures which occur in that process, and 
his proposal has had no practical succe.ss. 

Wolters (Ger. I*. 15639) states that by heating a mixture 
of alkaline pyrosulphatc with concentrated sulphuric acid in 
iron vessels, a crust of iron suljAiidc is formed which protects 
the iron during distillation, .so long as the pyrosulphate is 
left in the ve.s.scl. * * 

Tate" mentions an apparatus constructed by West in 1883 
on the continuous .sj^stem, with ^an enamel or porcelain lining; 
nothjng is known as to its succe.s^. 

r))i?oir‘(B. I^s. 17699 x)f 1893 27769 of 1896) has made 

ji cascadc-apparatu.s,'consi§ting of iron pans lined with a special 
enamel, connected by (J’-'^aped siphons, which carry the acid 
from the bottoin of each vessel into the upper part of the 
next. A set of eightecn\|pans produces 2 1 tons of strong acid 
• per week. This apparatuii is stated to require 6 cwt. of coke 
per ton of acid. Some more details are given in C/iem. Trade 

DingLpolyt, /., Ill, 397. 2 j p 

jf ■’ /. Sor.^CAi’m. Ind.^ 1189^, 18 , iof;9 ; 1897, 16, 913. 
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92 , 339. Chambcr-acid 100" T"* is deployed, and 100 tons 
acid of 168° Tw. is produced* in orib apparatus in forty-three 
days, with a consumjgtion of 23 J tons of gas-colie. In 1902 
several plants on this systehi were ii^ operation in England. 

, Seckendorff* proposiid to codjbentrate the •acid in flat- 
bottomed iron retorts completely surrounded by fire. 'Wie 
retorts arc to be filled with lead |iiulphatc, sand, or gypsum; 
Chamber-acid is to be run in till a paste is formed, and ^thc, 
retorts arc then to be heateef. The watery vapour first appearing 
is conducted into the chambers ; the concentrated acid coming 
after this is to be collected in glass or .stoneware vessels, and 
is said to be very pure, free from iron, and as concentrated 
as that from platinum ; nor is the iron retort said to be acted 
upon very strongly. Probably Uiis plan has never been actually 
tried at all. 

J. Gridley (U.S. P. 265495) recommends cast-iron pans, 
protected at the top by an asbestos cement against the action 
of the acid. Tlie pan is filled up to the proper level with acid 
of 167' Tw., and is fed in .such a manner that the concentration 
never sinks below 163' Tw., in which case the pan is not acted 
upon. (This strength, equal to Ic.ss than 90 per cent, lh^S04,' 
is much too low to prevent action on the iron.) The corre- 
sponding liritish patent. No. 4709 of 1882, has not been 
proceeded with. 

Flanagan - (B. P. 3530 of 1901) employs enamelled cast-iron 
pans, with water-cooled l(?liden hoods, placed at different 
elevations. There seems to be no new principle whatever in 
this invention. * 

The Chemische Fabrik List, K, dc Ilaen ^(Ger. P. 197074), 
produces acid-proof vcs.scls, ajjjjhratus, andelectrodes by pressing 
tantalum hydride into nn and converting the mpulded 
pieces into tantalum metal by heating^thcin g^^ulually, uiimately 
for two hours to a white heat, ^nd ^slowly cooling. 'I'lie 
hydrogen given off is first removed by a waWr air-pump, anS* 
later on by a mercurial air-pump, and with as good a vacuum 
as possible. # 

^ Wagner^s jahresber.^ 1855, 56. 2 Jfsoc. Chem. Ind,^ 1901, 20, i n2;* 




CHAPTER IV 

CON-CKNTKATION OK SULIMIUKIC ACID IN A CURRENT 
OF HOT CASES 

Stoddard* and Gallctly- proposed to force a current of cold 
air into sulphuric acid heated in lead pans. If the tempera- 
ture be 1 50° C., acid of 140*' Tw. is stated to be obtainable in 
this way. The method was unsuccessful on a practical scale, 
as only cold air was employed ; and the first use of hot air 
seems to have been made by Gossage in 1850. Gossage’s 
apparatus is fully described and illustrated in our 2nd edition, 
* pp. 735 ct scq. It consists of a double-shelled lead tower, with 
an air space between the two shells ; the tower is packed with 
'"pebbles, over which the dilute acid trickles down, and this acid 
is concentrated by a current of air, heated up in a parallel 
series of pcr[)cndicular iron pipes, and passing through the 
tower in a downward direction. This apparatus has never 
come into use ; its faults are the following : — 

The air must be made ncarfy red-hot, and thereby the 
upper lead pipe always melts; the air, charged with vapour, 
travels in the same direction as the acid, and therefore again 
gives up its water to the latter as it becomes more highly 
concentrated; all acid escaping ' ajong with the hot air is lost 
in th(,' chimney. Although son^c of these faults might be 
avoidedeby changijig the .details of construction, the apparatus 
seems hardly ever to' have; been employed in practical work. 
According to th(?4U7 Alka% hispedot^s Report (p. 83), a brick 
tower for the ccmcentration of sulphuric acid, which had been 
stopped for alterations, hacinot been started again. 

* Gossage’s plan has bqm re-invdiited by Costelle, without 
any additions.** 

‘ Chem. News^ 23 , 167. Chem. News^ 24 , 106. 

^ * Chem. NiwSf 20 , icf . 

^ 160 , • • 
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S. T. M‘Dougall (U.S^ P. 289292) emjJlfcys a tower, heated 
from without, filled with dishes, over which the acid flows down, 
»"hilst heated air a?cciids in the tower {cf, Nobel’s patent, 
P 107). ^ ' 

Similar in principle, |lthough Jery different* in detail, is 
the hot-air concentrator patented by the International VacuuRi- 
Kismaschinen-Verein (Ger. P. 33 >|2). It does not scenl to 
have answered, as the same firm a year later took out a patent 
(No. 38015) for a totally ^li ffe rent apparatus, working with 
steam, as already mentioned on p. 69. 

Finch* (Ik P. 2207 of 1886) combines an evaporating furnace 
with two towers filled with refractory material. The furnace- 
bed is formed by a lead tank, lined with sheet asbestos, and 
upon this with silica bricks. Tl).e roof of the furnace is formed 
of silica bricks and covered outside with lead. The weak acid 
first passes through the towers and then into the furnace ; the 
fire-gases make the o|)posite way. (It is very unlikely that an 
apparatus such as described will be able to stand the wear and 
tear of the process for any length of time.) ' 

Fontcnillc (Ger. P. 37713) causes hot air to issue by 
means of many holes from a pipe at the bottom of a vessel ' 
filled with sulphuric acid ; the vapours pass in a zigzag 
manner over several plates, over which fresh acid is running 
down. (It is not stated what material the vcs.sel is to 
consist of.) 

Gridley (U.S. P. 240248)«applies .strong heat to the under- 
surface of a thin body of dilute acid, and at the .same time a 
blast of sup'erheated steam or hot air to the upper surface, 
removing the vapours as they ri.se. 

Norsk Hydro Flektrisk KV;iclstofakticscistab, Christiania* 
(B. P. 132704 of 22nd Jana .y 1919, appl. 1637 of 1919; y.S. P. 

^ 353448* 2 1 St September 1920). Nitrous gases at a tcmji^erature 
of 1000° C. may be employed for the concentration of sulphuric 
acid if they are first mixed with a jVoper prop9rtion of exhausi 
gases from the concentration chambcj, by wliich means they 
are reduced to 500'’ to 600” C., and rjecompos'tion of sulphuric 
acid avoided. The remaiiyng exhai/st gases are saturated with, 
moisture, which is readily removed by condensation. 

‘ J. Soc. Cheu:. Jnd.^ 1887, p. 216. 

^ /. Soc. Cj^m. Ind. {Abstr.\ 1919, p. 817. 
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The Soc. an. la.* Fabricjpe de So^ .Artificielle de Tubize^ 
(B. P. 10386 of 1915; Ft. P. 4f932o) concentrates sulphuric 
acid by mi^ns of elements heated fro^j flie outside, arranged 
in steps, and communicating in such a manner that the acid 
flows downwjfrds; whilst vapour? produced pass from th^ 
Icwer to the upper elcm«nts. The elements may consist of glass 
or platinum for strong acie'ji, and of ordinary or hard lead for 
^wgak acid. * 

Pfannenschmidt and Moss - (Fr. i\ 474995 of 1914) employ a 
cascade of shallow square trays, heated by waste heat. The hot 
acid falls then through a column of hot gases, followed by a cold 
air for cooling in a second chamber. The chambers arc provided 
with perforated plates to convert the acid into a fine spray. 

Vctterlcin and Chem. F'ab.,Zu Schoningen*' (Ger. P. 307564 
of 27th August 1916) concentrate acids by passing the liquid to 
be evaporated and the heating gases in contact in opposite 
directions, and in a horizontal zigzag path through the 
evaporator, consisting of a metal pan built in a masonry setting, 
and through a preliminary tower built above one end of the 
metal pan. The liquid is sprayed into the top of the tower, 
which' may be filled with packing, and meets the ascending 
exhaust gases from the main evaporator ; it is collected in the 
pan beneath and flows in contact with the furnace gases through 
the pan, which is divided by partitions into zigzag channels, 
to the outlet near the furnace. The pan may be constructed 
of wrought iron and supported on pillars in the masonry setting. 
In the evaporating space, all baffling obstructions arc avoided, 
and doors are fitted in the walls at the cnas of the channels, 
to facilitate cleaning of the trough. 

Lennox^ (B. P, 23919 of 1914) employs a rotating corrugated 
drum^ dipping into a trough mounted on sliding rods, which is 
dividcd„^into compartmenjls for every corrugation ; the whole is 
enclosed in a casing. Thp compartments communicate with 
*one another at alternate ends of the partitions. Hot air or the 
like is passed through the drum, and the acid drops on to the 
drum at the end remote ^om the hot air inlet, and at a point 

> / Soc. Ind.^ 1916, p. 537. 

J. Soc. Chem. Ind.^ 1915, p. 1142. 

^ J. Soc. Chem, Ind. 1918, p. 767. 

* J. Soc. Chem. Jnd.y 1915, p. 1054. 
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in advance of the axial ^lanc; th« conc&fitrated acid is with- 
drawn from the lasj compartment oT the trough at the hot air 
inlet end. 

H. W. Jones and the Armour J^ertiliscr Works ^ (U.S. P. 
rn83207 of 1916) concentrates acid|by allowing fliem to trickle 
down in the form of alternate pools, and films over an irreguiar 
inclined surface in an enclosed ch||.nber, while a current of hot 
gases passes over it. The gases are introduced at the lojvcr^ 
part of the chamber, and Sirected by means of a baflle, on to 
the surface of the acid. The concentrated acid collects at the 



loc.. 76. Fic. 77. 


bottom of the chamber, aiftl the moisture-laden gases leave 
at the to[:|,^ 

A new patent of Zanner’s (B. P. 19841 of 1914 ; Fr. P. 462016 ; 
Ger. P. 260555) describes an arrangement illiistiated in Figs. 76 
and 77. The first concentration takes place in two rows of 
quartz boxes {a a) placed -n the upper space, A, and coiinected 
with one another by overflows. Where the acid neiMl not be 
specially pure, these boxes may be left open, so that the acidjs 
heated also on the top. The .Ajueous vapours formed are" 
carried along by the fire-gases into the chirnfiey. If the acid 
is to be pure, the boxes are provided with thin covers, with 
holes protected by caps ftr the esc/ipe of the aqueous vapouf. 
The first concentration may, of course, be effected also by lead 
pans, in a spray tower, etc. The main concentrationP 4 akes 
' J. .^c. Chem. Ind,^ 1916, p. ^36. 
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place in the muffle/ B, built of material proof against acid at 
high temperatures : such aS fire-bricks, (juartz, cast iron, etc. It 
is entirely dosed, and heated outside by ^fire-gases. Within tlv.' 
muffle there are open box^s, c c, made of quartz, which receive 
the previous!^ concentrate^ acid byi the pipes d, and after,# 
coTlcentration allow it to run out by the pipes d. The acid 
vapours formed here are flJ-Miductcd by pipe e to the cooling 
-worm or box. * 

The number of quartz boxes in* the muffle (B) corresponds 
to the demands made upon the performance of the apparatus. 
These boxes may be suspended or placed on the bottom of the 
muffle, or both. In some cases {ix. when concentrating to 97 
to 98 per cent. boxes (which are in this case 

preferably made of ca.st iron) are fixed in the bottom of the 
muffle (B) in such a way that their lower surfaces are touched 
by the fire-gases as directly as possible, without admitting them 
into the interior of the muffle. This last ca.se is the one shown 
in the diagrams, h'or intensive work the muffle may be worked 
with a vacuum. Instead of a fireplace, as shown at C, the 
heating may be effected by a gas-producer. I'he draught is 
regulated by slides at / and fy 

Davis ^ (B. B. i28396of 19th June 191S, appl. ioi27of 1918) 
describes a “Trepex” concentrator, which works on the 
principle of passing the hot gases of combustion from a furnace 
through a spray of the acid which is to be concentrated. The 
apparatus is shown in Fig. 78. 

It consists of a furnace fired with coke^ or other smoke- 
less fuel, and an evaporating chamber, into which the gases 
of combustion- are passed. The chamber is proportionate 
to the amount of work required Iq be done ; but for concentrat- 
ing, for example, deanscnicated ^cid of 105'' Tw. to i45‘'Tw. 
at the rate of 20 tons of strong acid per twenty-four hours, only 
^bout 150 cub. ft. of space is required in the evaporating 
chamber. The rcid to bc'*concentrated lies on the bottom 
of the chamber ?9 a depth of a few inches, being fed in con- 
tinuously at the end remote from the furnace, and travelling 
forward gradually to the|exit at the end near the furnace. 
The device for spraying up the acid into the chamber consists 
of ar^haft carrying fanners made oft a suitable material, fixed 
^ /. Sac. Ckem. Ind.,{Abstr.\ IP19, p. 628. 
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across the evaporating chaAiber 'at r/glit angles to the flow 
of the gas. The position* of thfe shaft is^ shown in Fig. 78. 
The rotaticfti of this shaft at the cc^rect speed fills tht^' 
chamber from end to end ^\jith a fine spray of the acid to be 
concentrated in this manjicr, owin^ to the very excellent, 
contact between the hot* gases and the acid, a high efficiency 
is secured, and an evaporal’Jbn of 5 lb. of water per pound of 
<»okg coi\sumed in the furnace is obtained. When concentrat- 
ing up to 145 Tw. there is very little fume produced, and the 
condenser shown in Fig. 78 is not absolutely necessary, 
although it is preferable to have it installed. 

As there is no back pressure produced in any part of the 
plant, ordinary chimney draught is sufficient to work it. The 
power -absorbed by the rotating shaft does not exceed one- 
half h.p., and is supplied by a small electric motor. The 
evaporating chamber may be constructed of special acid- 
resisting blocks, with a lead dish to prevent any escape of 
^acid. The acid is not in contact with any lead-work at any 
time during the concentration. The acid inlet and outlet arc 
only aJ)out 12 in. difference in level, .so that pumping of 
acid is reduced to a minimum. The cost of a complete in- 
stallation, including furnace, “Trepex” evaporating chamber, 
condenser and coolers, for an output of 20 to 24 tons per 
twenty-four hours of 145'' Tw. acid is approximately £1200 
to ^1500 (June 1921). Up to the present the plant has not 
been installed for producing recfificd acid (93 to 94 per 
cent. H.,SO.j). 

The 53/'^/ Alkali Inspector's Report for 1916 refers to the 
Davis concentratpr, as follows : — 

“ This consists of a leaden chamber, 1 5 feet long by 5 ft. 
high by. 2 ft. wide ; the flow of aci4 is 3 in. deep, and is thrown 
up by pacidles on ^he Porion System ; hot gases from a large 
^oke fire meet the flow of acid on the counter-current principle. 
With a temperature of 310°^^ to 320'^ C, acid is concentrated 
from iio”Tw. to'',i44“ Tw., and the exit-gases pass through 
a condenser to a leaden chimney. Initial difficulties are being 
overcome, and a steady flq^v of acid® at 144° Tw. is produced. 
This seems a hopeful type of plant, capable of much work in a 
smalhspace, if of proper construction a«.ad design.” 

According to thq, 54/// AlkijiU Inspector's Report for 1917, 
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the Davis concentrator ijontiitued operation with improved 
efficiency. The init^l difficulties cn<^ountered in the first works 
v.here it was installed vere overcome largely, and K^fttcrly much 
more regular and satisfactory work was effected. Additional 
"Units are now in operati^i or in colirse of crcctidn at different 
works, so that wider and morevaricn e.vperience will be accjuir^d. 

According to the 55/// Alkali^ Inspector s Report for 1918, 
the Davis concentrator was used for bringing chamber-acid 
to about Glover acid strength, and gave satisfaction. 



Skuglund ^ (U.S. P. ’*09 of 3rd July 1917, appl. 4th May 
.1916; B. P. 113551 of 14th Iviay 1917, appl.. No. 6844 of 1917) 
concentrates sulphuric acid by passing hot gases through a 
spray of acid. A current of comp^es.sed air i$ injected bcncatfi 
the surface of a shallow body of acid, to create circulation 
therein, and to blow a portion of it into a verticall^^irected 
spray, .so that the spra>^ after ccjiiing into contact with tl\f2 
hot fire-gases, falls back again into the body of the acid under 
treatment. As shown in P’ig. 79, the apparatus consi.siH^of a 

’ J, Soc, Chem, Ind.^ ^ 91 7| P-925 ; J Soc. Chem. {Abstr,\ ^or8,jp. 182. 
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closed box (a) macle* of le#d and lin^d* with an acid-resisting 
material. The box is pro\^dcd with an aciij-inlet (if), and at the 
opposite end an acid outlet (c),* and or more plugs (u) 
for the removal of impur^es from die bottom of the vessel. 
In the bottonf of the vcsseV^) a serils of nozzles (e) is placed^ 
cdhtrally, and in alignmenV with one another, so that their 
openings lie a short dista 4 cc below the surface of the acid. 
^Xbese nozzles arc connected with a .source of compressed air 
(/), by means of which the acid is bfown into a .scries of sprays, 
as indicated in the drawing The firc-gascs are admitted 
at //, and at the opposite end of the vessel the pipe (/) connects 
with a tower (/) packed with acid-proof material (X’). This, 
in turn, is conncjctcd with a suitable condenser (/), from which 
any condensed licpior runs back to the vessel (d) by means of 
the pipe (m). The gases arc drawn through the plant by 
means of a suitable fan or blower (;/). The weak acid to be 
concentrated (p) is fed into the tower (y), which serves not 
only to preheat the acid, but also to condense acid vapours 
carried forward by the hot gases, from concentration vcs.sel (d). 
This plant is built by the Pratt Engineering Co. of New York, 
and, according to Bullctiu 184 hiivcdu of Muiis (p. 

the fuel consumption averages around 12 gall, of oil per ton 
167“ Tw. acid concentrated from 105 Iw. acid. 


THE KESSLER CONCEl^TRATION PLANT. 

The most succe.ssful apparatus for the, con^itration of 
sulphuric acid in a current of hot air is that of J. Ke.s.slcr^ 
fB. Ps. 19215 of 1891 ; 26169 of 1898). 

The conditions to ’be fulfilled jn an apparatus of this type 
are as .follows. The current of hpt air must be brought into 
contact wKth such a large .sj>rface of liquid that its temperature 
is immediately reduced tc a great extent. The air must 
Thus become satumted compHtely with steam and acid vapour. 
The apparatus mt^t resist, not merely the action of the hot air 
and hop acid, but it must be con.structed in .such a manner that 
the deposits and crusts iiy^vitably Ibrmcd in the process of 
concentration do not give any trouble. Under these conditions, 
the can be concentrated far bekw its boiling-point. For 
V f, Soc. CheniKlnd. {Ads/r.)i iSQ2, p. 4 f ;4 ; P- 246. 
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good evaporation, large yolumcs of moddrkely hot gas rather 
than a high temperature are tequired. The lower part of the 
t4)paratus is callea Kessler, the “Saturex,” because it 
saturates the fire-gases with acid vapours, and it quenches 
Wthe greater part of theV heat. 'Mic acid vapours contained 
in the hot gases are retained in me upper part of the plaiit, 
called the “ recuperator,” mountc|l» above the saturex. This 
f)art of the apparatus acts as a reflux condenser, and resemjtl'‘s 
the dephleginating colunm employed in the rectification of 
alcohol. It is fed with chamber acid, which traverses each 
plateau of the recuperator in turn, and, in doing so, it meets the 
hot air and vapours issuing from the saturex and drawn through 
the liquid acid by applying suction at the end. In the 
recuperator the temperature sinks to between 85'* and ioo'‘: 
this causes nearly the whole of the acid vapours to condense, 
while the steam is not condcn.sed, nor is there much fresh 
steam formed here. This is important, since any concentration 
of the acid in this place would cause deposits which would soon 
obstruct the holes in the trays. The saturex is built in the 
form of a shallow trough of volvic lava or other acid-resisting 
material, surrounded by a thick lead jacket, u).)f)n an open 
foundation. Between the bottom and the cover of the saturex 
there are several baflles, which force the fire-gases entering at 
300 or 450' to impinge on the surface of the acid exposed in 
the bottom of the saturex, and, when jiassing from one of these 
baffles to another, through fhe acid it.self. The temperature of 
the gascs.(Iro})s (luickly to 150 , and at the .same time the acid 
rapidly loses water and some acid vapour, and runs out of the 
apparatus in a concentrated state to the cooler. 

The early form of apparatus is described very fully, with 
detailed drawings, in ou. ^fourth edition (pp. 1190 tg I2CX)), 
but is omitted here, as it is now out of date. SiiWlarly, the 
description of the “ Radiatcur” (B.Jk 2*1376 of 1900) is omitted 
also, as it did not prove as practi^ible and robu.st a form of 
apparatus as the saturex type, and therefore was never developed. 

The latest modification of the Kessler apparatus*R that of 
Teisset and Prat^ (Fr, 3982 12 of 1908; Ik P. 14300 of 1909; 
Ger. P. 229676; U.S. P. 993125). * 

* J. Soc. Chem. Ind. {Ab:)r.\ 0 ^ 9 , 28 , 937 ; 1910 , 29 , 950 ; Tfhgew. 
Ckem.^ 1911 , 24 , 184 ; /. Smc. Chem. Ind. (Abs/r.), ^ 1 1 , 30 , 748 . 

Op 
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The author is inae'bted to M. •]. Te^'sset- Kessler of Clermont 
Ferrand for the foIlowing*particfilars, as w^Il as the drawings. 
Figs. 8o to«8Q (June 1921). . ^ 

The alterations on thcolcl form of apparatus which possessed 
three longitucKnal baffles iX pumice .^one in the saturex, had# 
ait intermittent gas producer, and was worked by means of a 
blower, are as follows: — 4 

,(1) The longitudinal baffles in pumice stone have beed 
suppressed, anrl their place taken by* transverse baffles in volvic 
stone. 

(2) The intermittent gas producer has been replaced by 
a simple continuous producer. 

(3) Instead gf the steam jet, a high-prc.ssure fan has been 
substituted, of a simple and robust type. 

The main improvements derived from these alterations are 
as follows : — 

The longitudinal baffles in pumice stone in the old saturex, 
^which were slight and fragile, broke away easily, especially 
during the cleaning of the .saturex. It followed, therefore, that 
the hot gases, which should have forced their way through the 
acid in passing under these baffles, escaped instead by the gaps in 
the stones. Through the diminution of the travel of the gases 
in the saturex, they arrived in the recuperator at too high a 
temperature, which led to the breakage of the porcelain calottes. 

With the system of strong transverse baflles in volvic stone, 
the gases, when passing between them, lick the surface of the 
acid. Under the action of the suction from phe fail., the acid 
tends to bank itself up tow\ards the end of the saturex nearest 
the recuperator, •where the hot gases should escape, so that they 
find the space more and more red^iced, which forces them into 
still n^^re intimate contact witl^ the surface of the acid. 
Numcroiig- cxperiaients made with this new construction of 
the interior of the saturex have shown that the work done in 
TTie saturex is exactly the lame as that obtained in the old 
process with longitudinal bafllc.s. The baffles in the new 
method * of construction of the saturex arc stronger, less 
e^epensive to erect, and muj:h easier <0 replace. 

By the adoption of the new type of simple gas producer, it 
is po^fcle to work the plant continuously without any stoppage. 
Previously, with the old interjnittent ^as producer, it was 



THE KESSLER CONCENTR^\TOR . 171 

ft • 

necessary to stop the pl|nt for a period ‘of one and a half to 
two hours, in order tj) clean and recharge the fire. In the new 
type, these two operations can he carried out during ^he working 
of the plant, with the result that Uiere is an increase in pro- 
<luction of concentrated ftcid per tj^enty-four hours in excess 
of the guaranteed quantity for thJsarne time. • 

The third modification, i.e., the .Ivbstitution of the steam jet 
by a high-pressure fan, has effected a notable economy . 
the consumption of fuel retjuired for draughting the plant, as 
the power required to drive the fan (3 to 4 II.P.) represents a 
consumption of steam one-seventh or one-eighth that formerly 
taken by the blower. In addition the working of the plant is 
rendered much more regular, since the pressure^ of steam varied 
with that of the boiler, and hence the blower gave a varying 
speed to the gases passing through the apparatus, so that the 
degree of concentration of the acid was lujt constant. 

With the new apparatus the gases maintain always a 
constant speed ; hence there is a greater regularity in the 
degree of concentration of the acid and a smaller consumption 
of coke in the gas prc>ducer. ^ 

The latest modification is shown in Figs. 80 to 89. * 

The installation consists es.sentially of (i) a gas producer; 
(2) the apparatus it.self compo.sed of the “ Saturex ” and of the 
recuperator, made of five trays or plateaux ; (3) a conden.ser 
packed with coke ; (4) a cooler for the concentrated acid ; (5) 
a fan for drawing the hot furnace ga.scs through the plant. 

Gas Pyo^cer. — The furnace for producing the hot gases 
which are drawn through the plant is shown in h'ig. 84. 

The shell is built of ordinary brick, 220 mm. thick, on a 
concrete foundation, and bjaced with iron buckstaves, and 
occupies a space of 3 metr- 'Jjy 3 metres. It is lined qgo mm. 
thick with a suitable firebrick, and -is divided into t^o similar 
compartments by a midfeather wall, 330 inm. thick. In this 
way two combustion chambers arf formed, aach i-6oo metres* 
wide by 0740 metres deep by 1*840 metres high above the fire 
bars. Each grate is formed of CM. grate bars of thcffJtdinary 
type, placed 800 mm. abwvc an ashpit, which is closed in froi'^jt^ 
by a sliding door. Above this is fi'ked a cast-iron plate havidg 
a door opening 500 mm. wide by 350 mm. high, at such a*hgght 
that the bottom of it on a level with the grate bars. Each 
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furnace is charged from thettop through an opening 400 mm. by 
350 mm., communicating Vith rtie producer chamber, and is 
sealed by means of a heavy firebrick ^smb. The producer 



480^1^1. by 500 mm., into a mixing (fhamber, where the gases 
from each producer i^icct and nyx toget|jer with secondary air. 
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The shell of the furnace is tpierdbcl at* one side by a due 
(520 mm. by 200 mm.) leading froiif below the fire [,n'ate and 
rising vertically untij ’t mect^ with another flue at^the top of 



» 

the furnace and enters the mixing chamber at a pointTfftjoining 
the gas outlets from the ^itrnaccs. A sliding damper is fittej! 
in the vertical hue to regulate trte volume of secondary air 
admitted to the mixing chamber. From the mixing charjjber 
the hot gases pass through a flue to the^saturex. Fort-holes 
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are fitted at various points In the flues, -to allow for inspection 
and cleaning. * * I 

The twA furnaces are worked, alterncttjy. Assuming No# i 
compartment is charged \dth coke ^cl furnishing gas to the 
producer, theif No. 2 compittment isicharged as follows: First 
tfle firebrick slab covering »ic charging hole is removed ; then 
the opening of the gas flu^from the furnace into the mixing 
jeksynbej; is closed by means of a special brick, in order t6 
prevent the passage of dust from tfle fire grate into the main 
gas flue. The fire grate is then cleaned thoroughly, and a 
fresh charge of coke added. As soon as the coke is ignited 
.satisfactorily, the firebrick slab is replaced on the charging hole, 
and the gas adi^iitted again to the mixing flue. No. i compart- 
ment is charged in a similar manner when its coke is exhausted, 
while No. 2 compartment furnishes the apparatus with gas. 

Saturex. — h'igs. 85 and 86 show the latest design of apparatus 
No. III. (dls). 

Fig. S5 is a longitudinal section through the line CD. 
Fig. 86 is a plan through the line AB. Fig. 88 is a cross 
scctio\i. Fig. 87 is an elevation of the plant. 

* The saturex consists essentially of a .shallow volvic trough, 
272 metres long by i-io metres wide (internal dimensions); 
3'32 metres long by 170 metres wide (external dimensions), 
built up in .scction.s, and enclo.sed in a jacket of 10 mm. lead, 
a little sand being put between the stone and lead. The 
hot fire-gases enter from a firebrick flue at M, and, passing 
under a scries of seven transverse baffles built ^ yolvic lava, 
25 cm. wide, arc forced to impinge on the surface of the acid 
contained in Hie bottom of the saturex. The heat of the 
gases is reduced quickly by the pontact with the acid liquid, 
which .’'uns in the opposite dircctipn to the travel of the gases. 
At the .s«mc time the acid doses its water, and also some acid 
vapour, and pas.ses out of tlvi exit pipe in a highly concentrated 
condition. Cleaiv.ng holes a>2 provided in the saturex, between 
each barrier, aiui, also at each end, so that the deposits and 
incrustlffions can be removed readily. 

, The gases leave the saturex saturuted with aqueous vapour, 
and, passing over the shallow dish (D), enter the recuperator, 
whiih*^ consists of five superimposed •trays or plateaux, also in 
volvic lava (i io ryetres long, by mo ^metres wide, internal 
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dimensions). P2ach •tray i# provided v^ith twenty-faur holes, 
covered by a luted bell •or “ciilottcf,” as shown in Fig. 88. 
The acid t«) be concentrated is ^ fed in^ojthe top of the re- 
cuperator, and lutes are placed right and*lcit in each succeeding 
plateau, so tlnyt the acid floVs across oich plateau, while the ho^ 
gftses bubble through it Ko acid finds its way through the 
passages in the calottes fyid over the edge of the calotte 
su4i^:>orts. The gases, bubbling up through the luted holciif 
are brmight into such intimate cViiitact with the acid that 
the temperature comes down to 90^" to lOo"' C. at the top. At 
this temperature only aqueous vapour can exist, so that all the 
acid vapour is condensed before the gases get out; a small 
quantity of acid mi.st carried away by the exit gases is 
retained by the coke .scrubber, The colourless concentrated 
acid is run out of the .saturex at E, through a volvic pipe 
into a lead cooler, and flows away to storage tanks. The 
consumption of coke varies from 18 to 20 per cent, of the 
weight of finished acid for acid of 96 per cent. II..SO4. The 
calottes are made in porcelain or in fused silica ware ; and 
the draught on each tray is recorded bv means of a series of 
‘iiianomctcrs. The breakages of these calottes cause a short 
circuiting of the gases; and this is detected by noting any 
variation from the normal in the suction of the manometer 
tube on each tray. 

As a further guide to the working of the plant, the 
temperatures of the acid and gac arc recorded by means of 
thermometers in various parts of the apparatus. The following 
figures show the average results obtained \^iieinthe plant is 
working normally : — 


Temperature of aciA in top plateay .... 90100'’ 

„ „ „ bottom plateau . . 190-200'' 

„ „ „ entering co()Ier . . . 210-230“ 

„ „ gases leaving Kessler . . 125-145“ 

„ „ „ entering scrubber . . . 105-120'’ 


Cooler. — The .design of cooler varies, but consists essentially 
of a lcTOv;n vessel fitted with coils through which cold water 
is circulated. The hot acid runs inko the centre, and passes 
down a stand pipe to the bcltom of the vessel. (Vitreosil pipes 
giv^ercellent results for this work.) ^The cool acid flows away 
from the top of the cooler to storage tdnks. 
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Oondenaer. — From the top of thi; recujierator the gas passes 
through ^ lead-covered istontware I pipe to the top of the 
condense; (Fig. 89J. This consists of a lead«Iined box 
(5 metres by 7 metres 07^2-5 metres, internal dimensions), built 




Figs. 85 86. 


upwif a wooden framework on a timber platform'^anted at 
a suitable height above liie floor level. The box is sheeted 
with thin wooden planks, and strengthened with round iron tic** 
rods at intervals. It is lin«d with 4 mm. lead on the bottom and ' 
sides, and covered with 3 mm. lead supported by lead straps 

M 



178 


CONCENTRATION BY HOT GASES 



Fj 





THE KESSLER CONCENTRATOR 179 

EL^VATjlOr^ 



F*. |8. 



180 CONCENTRATION BY HOT , GASES 
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fastened on to joists carried across tl]e width of the box. 
For protection against the Aitting^acticfn of the coke, the bottom 
of the box 'and the sides fo a height of a- 5 metre are lined 
with acid-resisting brick (ab^ut 2350 bricks, 220 ,x 110x55 mm. 
are required tq protect the bottonv and sides, and to support, 
tlfb grid). On the top* of the bricks sixty-nine lead-covered 
round iron bars arc placed, to form a grid for the support 
of tk,e packing' over the gas outlet (sec drawing). ^ 

The ‘Coke for filling the condenser is the best hard fleel 
coke, containing a minimum of iron, aluminium, chalk, and 
silica, and is graded as follows : — 



0 


Quality. 

Spam 

oc.ciiriifii ill 
Cubic*uieii*f,>8. 

Approximate 

Weight. 

fll I.;irgc pieces 

of 200 to 

300 mm. 


10,500 

4,200 kg. 

(2) ,, ,1 

0-050 „ 

0-100 „ 

A i 

Sifioo 

1,400 „ 

(3) >1 M 

0-020 „ 

0-050 ,. 


1,748 

699 1. 

(4) II II 

O-OOcS ,, 

0-020 ,, 

t: 

700 

280 „ 

J (5) II II 

0-004 II 

o-ooS „ 

l> 

21,000 

8,400 „ 

(6) „ 

O-OOI ,, 

0-004 ,, 

K 

44,Soo 

26,600 ,, 


In order to obtain the 44,800 cubic metres o^ E, 
it is necessary to add 40 to 50 per cent, excess, which is lost 
as powder. All grades of coke .should be free from dust. 

Fan. — A 5-H.P., 12-in. high-prc.ssure fan is made by the 
Kestner Evaporating & Engineering Co. of London, specially 
for the draughting of conccntrating ^jlants, and gives excellent 
service. 

General Arrangement. — The general arr.'mg6mcnt of the 
plant is shown in Figs. 80 to 82, from which it will be seen that 
the plant is a compact -unit, hou.se'd.in a building ii metres long 
by 9 mqtres wide. * 

The apparatu.s. is supplied in fouV different sizes. 

Apparatus No. i wfll concentrate in twenty-four hours, 
4 tons of 92 to 93'- per cent, ^.iilphuric acid from chamber acid 
of 1 13 to 1 16'’ IV. Apparatus No. 2 will concentrate 6 tons 
of 92 to 93*i)er cent, acid under the .same condition.s. Apparatus 
N,o. 3 will concentrate 8 to 10 tons of 92 to 93 per cent, acid 
'under the same conditions. » Apparatus No. 3.\ will concentrate 
'"12 to 15 tons of 92 to 93 per cent, acid under the same 
conditions. With the continuous producer these outputs can 
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be increased still further. As ap example of the elasticity 
of the plant, it may be ''mentioned^ that;, during <he war, 
apparatus >fo. 3A, which produces jiormally* 15 tons in twentv- 
four hours, actually prodiiQ^d more ^han 24 tons of 9-75 
per cent. M.,S04 factory, r • 

' Kessler^ defends his* .sy. stem against faults fcyind with it 
by Hartmann and Bcnker.\ According to his Fr. Ps. 288752 
a9dv^0578i, for the purpose of preventing the conceiji^at^ 
acid frofii acting upon the lead, it is made to flow through a 
heat-exchanging apparatus, in which the fresh acid cools the 
hot concentrated acid. (This has not been developed on a 
practical .scale.) 

In contradiction to a statement of Hartmann and Benker,- 
according to which Kessler's apparatus yields acid not exceeding 
95 per cent. I I;,S()4, Ga/.eP asserts that the Kessler apparatus, 
supplied to the British Government in 1898, fulfils the condition 
laid down, according to which the acid must come up to a 
sp. gr. of 1*842 (95 to 96 per cent. H.^SOJ. 

From a Briti.sh factory he reports the following figures: — 

, '.Strength of feed acid . . . . 48 ' lie. (100° Tft .) ^ 

Strength of concentrated acid . . 05*9 „ (168 

I’rodiiction per day . . . . 9100 kg. 

Coke used for the gas producer . . 650 „ 

Coal used for steam-raising . . 750 ,, 

Luttgen ‘ considers that the better effect of the new Kessler 
apparatus is due to the cicid wave^ being formed by the hot 
gases passing through and impinging against t]i£^w,allo, so that 
both the effects of sj^lashing and .spraying are produced. 

Stolzcnwald doubts the formation of spray in this case. 

According to Luttgen (see abdve), the Kessler apparatus 
in its new form requires 80 to [cp kg. coke for producing 
I ton of atid of *93 to 93 -per cent. H.2SO4. The proportion 
of waste acid is very slight, and so is the cost of repairs. Acid 
of 98 to 99 per cent. H2S04'is obtained with 180 to 190 kg. 
coke, and there kg. waste acid of 72'’ Tw. acid. 

According to the 515-/ Alkali Inspector's Report for ig-rz 

th#i Kessler system was being worked successfully, and more 

c- 

* Afomt. Scient.f 1904, p. 557. ^ 

^ ^f^nit. Scient.f 1907, No. 782. ^ /iid^ 1907, p. 368. 

* Chefn. Zeit.y 1910, p^ 24. ^ ^ Ckem,^ 1910, p. 1976. 
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and more extending. The ^ind Repo A for 1915 coit;aiders it 
one of therbcst existing. % • I 

According to Pohl,^ vitreosil (fused silica ware) has advantages 
over the volvic lava employed in^ the Kessler plants. The 
letter is inclined to become Render, especially in plants worked 
intermittently; whilst vitreosil is not in the least damaged. 
Vitreosil pipes have much thinner ^valls than the lava pipes, 
but tlr^ are made with the same external dimensions, so ^hat 
they can be put into cxisfing plants without any alterations! 
The greatest difficulty in the working of the 
Kessler plant is the frequent breakage of the 
porcelain bells; instead of which, bells made 
of vitreosil are now cmj^loyed of the shape 
shown in Fig. which fit to the lower 
parts in the existing apparatu.s. These arc now provided with de- 
pressions, into which fit the opi)osite parts of the bells, .so that they 
are placed always exactly over the centre of the lower parts. 

The Working of a Kessler Plant. 

The^^iuthor is iiKlebtcd to Mr VV. G. MacKellar of Tho 
United Afkali Co., Ltd., St Rollox, Gla.sgow, for the following 
notes on the working of the Kessler plants, which were introduced 
into Glasgow as far back as 1894 at the works of Messrs 
Alex. Mope, jr., & Co., Ltd. 

Gas Producer.— (l) Experiments have been made from time 
to time, with a view to working the gas producer continuou.sly, 
but trouble Ifa^ !^en experienced always, owing to the di.scolora- 
tion of the acid, which may be accounted for jjartially by the 
fact that anthracite is burned in the furnace instead of coke. 

(2) The conditions for Miaking 168' Tw. and 168-3'' Tw. acid 
are much more exacting tiian when making 144" TV^. acid. 
When working at high strengths of acid, it is undesirable to 
produce any hydrogen, which wouJjJ form water on combustion, 
and hence this condition negatives the use of a wet a.shpit. 
t .^turex. — The saturex with transverse i.^^ quite 

as efficient a concentrator as the old type with longitudinal 
ones, and the upkeep is very much less ; probably only *4 ^ 

quarter of the original. Three barriers instead of five, as 

• *■ 

‘ Z. angew, Ckem.y 1912, p. 1851, 
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originaiiy supplied, ire now used — one, at the entrance of the 
producer gas, and two ulder the plateaux— the central two 
having betfn dispensed wil?h. It is essQiitial that the barrjjrs 
do not dip into the acj^, as this VenderSi the apparatus 
unworkable. ^Violent pulsations y.kc place in the whole body 
the liquid, due to ihe hot gases alternately^ making and 
missing their way betwehp the barriers and the acid ; and 
the^draught of the furnace is so impaired thereby tlj^f- v(^y 
poor results arc obtained. The bek results are obtained with 
only a thin film of acid, i] in. deep on the bottom of thesaturex. 

Material made by the Accrington Brick and Tile Co., Ltd., 
Lancs., has been used for the cross barriers, and their supports, 
and all the small pieces neccs.sary for the cleaning hole plugs. 
As it is impossible to get a ^naterial like fins in slabs large 
enough to build a Kessler without an cxcc.ssive number of 
joints, no attempts have been made to use sides or end stones 
or covers in any other material than volvic. (This experience 
docs not agree with that obtained in another works, where 
* transverse barriers in Accrington material gave much trouble 
through disintegration ; on the other iiA’id the material was 
found quite suitable for bottom or side stones, where^ji^.acking 
takes place, no harm is done owing to the lead covering. 
Furthermore, longitudinal barriers are more easily cleaned 
than the transvcr.se type, and, if constructed in narki metal, 
are comparatively cheap, and last a long time. The transverse 
barriers, however, do not “muck vp” so easily, which is an 
important point when dealing with an impure acid^ particularly 
with waste nitration acid, so that, on the wff^, the balance 
of experience .’s in their favour.) The run-off pipe is now 
made in vitrcosil' (fur.ed silica Wai-c). This pipe works under 
very exacting conditions ; the end in the saturex is at a much 
higher tcniperatprc than „l;hc cnci in the cooler. Previously, 
when the cooler lid wa.s lifted for examination, the inrush of 
cold air sometimes cracked W-he earthenware pipe, and a new 
pipe had to befitted. The silica pipes are not so liable to 
break,*owiflg*fo their low coefficient of expansion (see p. ftO); 

Recuperator. — The plateaux hav^' been fitted with silica 
4j.calottes and supports, with satisfactory results, especially in 
• the tlvee lowest plateaux. In connection with the acid level 
in the plateaux, it is essential that the calottes should only 
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fit to half the depth gf the jjcallop, otherwise the draught will 
be chok^l in the recufjcratbr, a\A poor evaporation results 
will be obtained. ^ * 

Condenser^This b’.'^now builfe without any wood lagging 
^nd the coke in the bot^m is laid transvcisely instead of 
verticall)', J'hc draught from the Kcsslcr hood enters at the 
bottom of the box and leaves aU the top. 


Working Data. 


Consumption of fuel in furnace per ton of 168-3'' Tw. -’5 
„ „ „ 167-8" Tw. 2-0 

„ „ 144 Tw. M2 


cwt. 


Output per T^rtity-four Hours. 

(a) Dear sen icated A cid — 

Feed acid 106'’ Tw., concentrated acid 168-3'' Tw. ' io-8o tons. 
,, 106“ Tw., „ 144“ Tw. 20-00 „ 


(b) Arsenical Acid-- 

Feed acid 1 1 5' concentrated acid 167-8'' Tw. 15-00 tons. 
J^inperaturc of acid leavinj^j saturex . . . 245 C. 

on first plateau .... 210'’ C. 

„ of vapour Icavin}^ Kessler hood . 125" C. 

,, of gases entering Kessler . . 750" C. 

Corresponding CO.j 7-5 per cent. 

Temperature of gases entering Kessler . . 710'' C. 

Corresponding CO^ 6-4 per cent. 


H.P. consumption at fan, 5-5 K.I I.P., and speed of fan, 1C80 R.P.M. 
Fan pLite^s-rfl outside of condenser box and delivering into chimney. 


Water-gauge at fan entrance . . . . 7 in. 

„ Kessler lio^d* . . . 6^ 

,, cooh r f^-p i V 

Loss of head going througl^ lix plateaux . - Si » 


Approximately o-8 of an inch for each jjlatcau. 

Strength and weight of acid from condenser box at 80“ T w. per ton 
of 168-3° ^ 'V. acid = 4-5 cwt. 

Escape on 168-3'’ Tw. ^^cid 1-8 grs. .SO3 per cul^ fac' 

„ 144'’ Tw. „ - 1-4 „ „ „ 


(The Kessler of the type recomnfended above and the working 
figures, while very suitable for making small quantities ftf high 
quality rectified oil of vitriol ;»vith good .working efficiency, is 



186 CONCENTRATION BY HOT, GASES 

\ *!*• • ' - 

out of date where big outputs ^re required, and unsuitable 

for working with dirty aJid, or*“spfcnt” acid from#nitration 
processes. In the latest iflodification of the Kessler type, 
the plateaux and calottes ye abandmed alto^ther, and I'iie 
recuperator coi^structcd on the line^ or the Glover tower, much^ 
as in the Gilchrist concentrator (sec p. 239), Engysh material 
is used exclusively for the ^construction of the plant, except in 
the !»tu»ex, and gives excellent results under these con^ioi^ 
The oufput of such a unit with a l^rgc (14 ft. 6 in.) sati’vex 
is about 30 tons per day of 95 per cent. II, SO^, with a feed 
acid of 135'' to 140^ Tw., when fired with a continuous gas 
producer. 

The Perrin Modification of the Kesdle:^ Plant. 

Vialleix and Perrin^ (B. P. 8142 of 1911 ; Fr. P. 420563; 
U.S. P. 1066557 of 1913) modify the Kessler apparatus by 
constructing the saturex of a single central channel and two 
•side channels, through which the hot gases arc aspirated. The 
“regenerator” is made to contain a number of superimposed 
lipl low* trays, arranged .so that the acid Werflows frgm one to 
another in a zigzag path ; contact between the he^eff* gases 
and the acid is secured by means of transverse ribs, which 
reach from the under surface of each tray to the level of 
the acid below ; the.se ribs .serving also to strengthen the 
trays. Lava or stoneware is used in the construction of the 
channels or trays, instead of the phmicc and porcelain used 
hitherto. • 

P'urther improvements have been made by Perrin" (H. P. 
118095 of 4th 7 Wy 19*9; U.S. P. 1301598), by the use of 
bafHe plates in the ffues, and dij^ing into the acid to form 
liquid seals, while the partition^ between the flues extend 
downwards*' nearly to the •surface of the acid, whereby the 
hot gases are constrainecl to flow repeatedly in a transverse 
direction from one’ flue to aiibther during their passage along 
the flqps. ^n. Ae “regenerator,” grooved instead of plain 
transverse ribs arc employed. The apparatus is shown •"iiT 

Frgs. 90 and 91. * 

* € 

• * J. ^oc, Chem. Ind. {Abstr.\ 1912, 81 , 187^; /. Soc. Chem. Ind {Abs/n)^ 

191 1, 80 , 360. 

* /. Soc. Chtvt, Ind. {^bstr.\ 1919) p. 629. 
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By means of a fan, the gases coijiing from the pfodiicer 
are dravvn^into the apparatus throujjh the central flue (A); 
their^ progress towards ihe outlet is stopped by a baflie plate 



Fig. 90. 


(B), which forces them to pass under each partition, and* 
into the side flues, but even here th6 baffle plates (C and D) 
prevent them from continuing to follow their path, and force 
them to pass for the second tj/nc througj^ the longitudinal 
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partitions, and so on. Tn Fi^. 91 the arrows show clearly 

the path followed by the gases, wtiich,^from thei/’ admission 
to their escape from tht saturator, i^main in close contact 
with the acid to be concentrated, ^xlic bafflo plates, 6,^], D, 
^ project a centimetres intqf the acid, so as to make., a 
hydraulic joint; this insures that the gases cannot circulate 
under the baffle plates, while they pass under the partitions. 
* Po<rt-holes are provided for the cleaning out of the^2\jr>t0r. 
On leaving the saturator, the hot gases are drawn into the 
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Fro. 91. 

regenerator, the troughs of which arc provicTeef with transverse 
ribs; the object of which is to keep back the gases, and to 
prevent them from tirculating ’t6o quickly from a lower trough 
to art upper one. For the sarnc reason, the projections are 
provided* witl> a longitudinal 'V-^^haped groove. Suitable 
cleaning holes are provided in the sides of the regenerator. 
97 to 98 per cent. can be obtained with this 

apparatus. ^ 

f igs.^92 and 93 show the layout of the plant as erected by 
.. Messrs J. F. Carmichael & Co., Ltd., df Liverpool. The plant will 
give an output of 6 tons^per twenty-four hours of 97 per cent 
H2SO4, from chamber acid of 158 sp. gr. (ii6®Tw.), using 
14 tons of coke pfr 100 toai^ of condpntrated acid produced. 



ifc construction in Knglish-made acid-resisting •material 
presented far less difficulty than that of the Kessler plateau^ 
with its elaborate up-stands and crlottes. The output, how- 
ever, was never quite as •good as that of the Kessleff and 
the loss somewhat higher. Material made by Messrs Davison 
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of Chelifer, and The Accrington Brick Tile Co. proved fairly 
satisfactory, and gave litile trolible^when the plaiyt was kept 
in continfious operation ;• long stoppages, however, afterwards 
caused trouble through ^disintegration, froip which >^lvic 
stone is muc^ more free. . * 

‘ Viaillieux and Perr*in (B. P. 28302 of 1909; Fr. P. 397080) 
facilitate the condensation of the vapours arising in the 



concentration of sulphuric ackl, by embedding in the coke 
used for this purpose, coils in which cold water or acid 
circulates^ or bj moistening the •coke. 

Moss ^ describes a m.o 4 ,lfied Kessler with open type plateaux. 
The saturex and, plateaux ^rc constructed of vitrified earthen- 
ware blocks, the joints being made with special cement. The 
cokc*conffumption is about 19 per cent. * 

The author is indebted to Mr J. Rogers, Technical Manager, 
Nobel Industries, Ltd., fgr the following information on the 
working of the Kessler plants at Bembrey (1915 to 1918). 

‘ /. Soc\ Chem. Ifjtd, {Trans); 1918, p. 72. 

f I * 
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The units were all of what is known as the “ medj^m size ” 
the outpuj of which niay|be ttiken ^ in the neighbourhood of 
8 tons per day, conc^^ntrating from about 66 percent, to 93 
pei^cent. HgSC^. The^output* varic^l, of course, according to the 
^rength of the acid trcScci and of the acid produced. The 
units embodied all the latest improverrents at the date of thclT 
erection. Both the Kessler and B^frin types were used, and in 
a^ldi^ijji the experiment was tried of combining both.tyjges of 
plateau in a single unit, tfte six upper plateaux being of the 
Kessler type, and the two lower, of the Perrin type. Modifica- 
tions of the baffling arrangements in the saturex were also tried. 
In one unit, one central transverse baffle only was built, and 
this was arched considerably, so as to allow the gases to pass 
easily, but at*th^ same time^ to produce it ^mixing effect. 
Another unit was built with no baffles whatever, to test 
a view advanced that the baffles arc of little value. It 
cannot really be said that any one, or even any combination 
of these ideas, gave what might be considered as a final 
standard type of plant. Attempts were also made to find* 
^^substitute for vol^c stone, chemical ware being tried for 
thi^^jrposc. The results showed, however, that, with its 
drawbacks,*volvic stone was still the more satisfactory material. 
The calottes in chemical ware were especially found to 
deteriorate rapidly. 

The following results were obtained (ai a .seven days' 
comparative test of a Kes.'^er and of a Perrin Unit, and, while 
on accouiit of the shortness of the |)eriod of test they cannot be 
accepted as*dji1flusivc, they .serve to illustrate the course of 
ordinary good working : — 


Data, 



Krhm#kr> 

I’KIllUN. 

Speed of fan .... 

# — 

1510 revs. j)er min. 

1010 revs, jxr join. 

a Speed of exit gases . 

21*5 ft. jxn sec. 

11-5 fi. pjr seow 

SOj in exit gases 

2«8 grains jjer cub. ft. 

3-0 grains jr)er cub. ft. 

1 10''- 1 2 o' C. 

Temperature at lop of re- < 
cuperator 

> 80"- 1 05'’ C. 

• 


• • 

1 The us«d In the test was that containing two rurrin plateaux. 
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* ^ General. 


t 

'* r 

l^^MKLXR. 

1 ^ 

i ' Perrin. 

Strcijgtli. 

♦ Acid. 


StrengtlK* 

Acid. 

H2SO4. 

s. 

V 

Strong :icid prwluced . 
Condenser acid . 

Fan acid , 

,£xit4pss<s 

Ter Cfiut. 

927 

62-20 

38*5 

Toim. 

56-47 

, 7-31 
1.36 

t Tons. 

52-34 

4-50 

0-52 

2-i6 

1 

Per Cent. 
92-0 
62-73 
25-1 

Tons. 
t:3-76 
6-78 
1-36 
... ^ 

Tons.** 

40-26 

4-25 

^I-20» 

Fuel consumed . 

Fuel consumed per ton 
M2SO4 produced 

4-35 tons 

0-0S3 „ 

3-3 tons 

0-082 „ 


In general, it was found that all the varTations of the types 
of plant gave satisfactory service. At the same time Pembrey’s 
experience was that the Perrin Plant had a somewhat smaller 
capacity than the Kessler, the ratio being as 4:5. On the 
other hand, the simpler construction of the Perrin plateau 
is a point in its favour, especially when dirty acid has to be 
concentrated. The Kes.sler plateau is nw^re difficult to clean, 
and the calottes arc easily damaged, thus adding^ of 'course, 
to maintenance charges. 


The Duron Modification of the Kessler Plant. 

Duron 1 (B. P. 344 of 1913 ; Gcr. Ps. 257559, 257573 ; Fr. Ps. 
453733 j 453742) modifies the Kessler apparatus as follows. 

The heating gases are conducted in pars Del ' branches, 
perpendicularly to the direction of the current of acid, over 
the top of this, thu§ exposing, the acid several times to the 
action of the hot gases. Two gas-flues arc arranged at the 
longitudinal sides of the conccnlrator, and are connected by 
transverse channels, whiclif are connected in turn with the 
entrance and exit-flue. The^oor of the concentrator is divided 
into three longitudinal channels, along which the acid from 
a regenerator cblumn flows in a zigzag path in the opposite^ 
direction to the heating gases. ^ 

Duron ^ quotes the re^plts of working his apparatus for 
.producing concentrated sulphuric acUl of various strengths up 

* /. Soc. Chem. Ind. {Abstr.\ 1914,. p^, 790. ^ Ch€m. Zeit,^ 1914, p. 559 . 
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to monohydrate acid. He claims for his apparatus tly special 
advantage:^ of doing aw*a3| with distifling acid, lead pans, acid 
vapours, of a speciall)^ (;flficicnt gas pi^jdiicer, and of cchisiderably 
lowA cost than ^iither tKc JvcssV:r oi^ Gaillard apparatus. 

^ The latest modification of the Duron systein is given by 
B. P. 10403^ of 24th Febrih%-y 1916.* • 

By leading the hot gases throi^ifli horizontal (Uies placea 
difec^i^'^over three parallel channels containing acid to be 






c'. 


lOG. 9^. 


concentrated before passing over the surface of the acid in 
the reverse direction, the hut,gases are ca»iscd to give up their 
excess of heat to the gasc. .ictually effecting the evaporation of 
the water from the sulphuric acid. By this means t^e dissocia- 
tion of the acid by the hot gases is reduced to a minimum. The 
concentration is effected in stages, ^n separate parallel channels, 
in which the currents of gas producing the evaporation pass 
simultaneously ; and of which the relative dimensions Jrc in 
proportion to the quantity of water to be evaporated in each 
of them, and to the difficulties of e'^aporation. The apparatus 
is shown in Fig. 94. 

* J. Soc, Cham. Ind. {Abstr.\ 1917, p. 385. 
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The^ath which tne acid to be concentrated travels in the 
concentrator is along h, d, e, and //, where d is the inlet 
and // thc< outlet. The gases, entering ai: a high temperature 
through the inlets / into |hc flhes heat the partitions^ and 
after their temperature has been iSwercd by this work to a 
•point below which dissociation o( the acid does not occur, fKe 
gases come in the space:? m directly in contact with the acid, 
where, by reason of their temperature and dryness, the;^ffect 
*the evaporation of the water. This evaporation of tne water 
tends to lower the temperature of the gases, and hence ttf reduce 
their evaporating power ; but the temperature is maintained by 
the contact with the heated under-surface of the partitions n, 
which have been raised to a high temperature by the in-coming 
furnace gases! * • 

The re-heating of the evaporating gases is greatest at the 
point of exit, where the reduction of temperature would be 
greatest otherwise. The concentration of the acid is effected 
in progressive stages, by means of the arrangement of separate 
channels, heated simultaneously. With feed acid of ^5 to 67 
per cent. lIoSO^, the acid enters the concentrator from th^ 
“regenerator” column increased to 70 to 76 per cent, ac^iding 
to the final degree of concentration. * 

I’ftr I'-oiit. 

In channel c the degree of concentration is raised to 72-90 H.2SO4. 

„ r/ „ „ „ 88-96 „ 

„ „ ,, » 92'9S-3 


The plant shown in Fig. 94 is built entirf^ly,c>f volvic stone 
and acid-resisting metal, without any porcelain parts, in five 
different sizes, up to 30,000 kg., 92 to 93 per cent. H2SO4 per 
twenty-four hours, and can be adapted for heating with coke 
coal, peat, oil, and tar. 

The fddowiflg figures a'iC quoted in a recent trade circular : — 


Concert tmtum up to 66^/y/. (92 to 93 per cent. H3SO4). 


Model HI. 

Acid at inlet ii6'’Tw. 

Consumption of fuel . . .6 8 per cent, coke 

Horse-power consumed . . t . 2*4 H.P. 

Production in 24 hours of 92*5 to ' 

93 per cent. H2SO4 . . . 12,500 kg. 


Model IV. 

1 16’ Tw. 

3*5 per cent tar 
2 9 H.P. 


21,700 kg. 
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CoHieniration up to 97 to\J^ per cent. 

• Mixitirm. 


Acid at inlet 
ConsMinption of fviel . 

Horse power consumed 

Production in 24 hours of 97-5 to per cent. H.SO^ 


1 16" Tv/. 

I j per cent, coke 

-: s n.p. 

• 5300 ky. 


^ X Efficiency Data for the Kessler Plant. 

Th" following fi^nircs on the concentration of sulphuric acid 
by the Kessler .system are abstracted from the Report on the 
Statistical \^^:>rk of the Factories Branch of the Dei)artment of 
Explosives Supply, Mini.stry of Munitions: — 


H.M. Kactokv, I’kmhkhv. 


•Week ending 6 A. M., 2nd Fcbrnafy 1918. 


Sheet B2. Concentration Kessler. 


<|f mats umking. 
Nuinliei of uiiil-<l;iys Hoiked 
Weak arid ( hanged . 
Containing HjSOj . 

Strong arid |)rodu( ed 
taHil.iining 11. ,8^)4 . 

H.,S 04 lo.si 

Loss as |KTCcntage of 1I._.SU4 in 
we.ik a<‘id charged 

Fuel (onsunicd . . ! 


F uel consumed ■ « I l.^S04 
in strong acid pro<luce<J 


{ i 


('(>'33 '■ 


91-75 ; 


('♦,d 
Coke 
al 
ke 


.T. Wlistr Ari-l. 

a O.V. Iiiifi N/(i mirl NAJ ■i.' 

Waxtf Arlil. 

14 

• 

7 

974 

4« 

II 1 1*1 tons 

711-5 tons 

737'0 „ 

77-1 1 % 54«-9 „ 

795-5 M 

5^'2*i „ 

702*4 „ 

90'9H % 52<j*9 „ 

34-9 „ 

I(>0 „ 

4-7 /' 

3-5 % 

• • 9.V4 „ 

tyal . . „ 

. . 2S-1 „ 

('okc . . „ 

. O-CK) „ 

Caial , . 0*05 „ 

. . 0*04 „ 

Cuke . - 0*03 „ 


CONCENTRATION OP SULPHURIC AOIP JH THE 
GAILLARD TOW^IR. 

Gaillard' (B. B. 23841 of 1^5; B. B.* 12538 of 1906; 
,y.S.^B.s. 85rx)48, 859757, and 859759; Ger. Bs. 15^21 5> and 
205912; BV. Bs. 359442, ^67376, and 390807) introduced an 
entirely new principle in the atomising of the acid to Bb 

1 C^em. Ind. {Abstfi,, 1906, p. 638 ; J. Soc. Chem. M., 1007" 

p. 201. 
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concenti^ted, in the form of a fine spra^ down an empty tower, 
up which hot gases from atcokc |irodijcer are ascending. Under 
these conditions, the contact between /lie acid and the hot 
gases is as intimate as po^ssible, anjl ^Evaporation takes place 
regularly throughout the tower, so that the acid arrives at tj;ip 
'bottom of the apparatus in a h(ghly concentrated condition, 
and the gases, which enter ^he base at a red heat, are reduced 
cons[(Jcrably in temperature when they leave the to^ ^ the 
tower. ■ The concentration takes (Mace quite independent of 
any special design of the plant, and the tower acts ^icrely as 
a sort of passage or flue for the hot gases and aWd fumes to 
travel. There i.s, therefore, very little to break or get out 
of order, and the life of the tower depends entirely on 
the acid-resis*ting qualities of the materi&l of which it is 
constructed. 

The earliest plants which Gaillard erected consisted essentially 
of a gas producer, a tower, a scrubber, and a fan ; but it was 
'•calised very quickly that some form of recuperator was 
necessary, and a small tower, similar in shape to t^c main 
tower, was introduced into the system in front of the** 
scrubber. Weak acid was atomised down this tower ‘Tffthe 
same way as in the main tower, and slight preliminary 
concentration of the acid effected. At the same time the 
temperature of the gases leaving the recuperator was reduced 
to such a degree that they could be forwarded safely to the 
coke scrubber. , 

Reckc ^ gives particulars of the plant outlined alcove. The 
producer is charged with coke, and is 3 metises liigh, 4 metres 
long, and 2-8 metres wide. The main concentrating tower is 
1 5-5 metres high, and consists of fifteen volvic rings, superimposed 
over one another, without any mortar or cement. Each ring 
consists of, right lava blocks, held together by lead-covered iron 
rings. The blocks have V’ shaped longitudinal grooves, so that, 
at the junction of each two b’oeks a channel is formed, which is 
filled with a cement of volvic powder and sodium silicate. The 
towe! at* the bottom has an internal diameter of 170. and 
at the top 2 0 metres ; the thickness of the walls is 450 mm, 
at the bottom rings, 400t mm. at the fourth rings, 250 mm. 
at tke three following rings, 200 nim. at the three following 
^ C^m, Zeit^ 1910, pp. 173* and 182. 
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and 150 mm. at the four top rings. ^The top of the tower 
is formed of four volvic plate.s, with an inlet for file spray 
nozzles, and a 500 min outlet for tht waste gases. The bottom 
of the tower is forinea l|y a tray ^00 mm. high, with twelve 
outlets for the hot strong acid, which is cooled by a tubular cooler, 
80 metres long, placed in the lottom tra/ round the tower. 'Fhe 
recujicrator tower is made of 4 m^n. lead, lined with So mm. 



that its top is at the same level ^s that of the main tower. It 
has two spray nozzles at the top, and an outlet for acid cit the 
•’bott'^m, and is connected with the top of the mairf tow^r by 
a volvic or stoneware pipe, 500 mm. wide, de.scending from 
the latter and entering it near the. bottom. From the top of 
the recuperator, the gase.s pa.ss through a coke filter, •whiclr 
consists of a wooden box lined wjth 3 mm.Jcad, 3 metres high, 
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7 metrcs^long, and 5 metre3 wide. The gases enter at the top and 
leave at the bottom. The cok6 resj;s on a grate of acid-proof 
bricks, anfi is graduated in size from 60 to 100 mm. at the 
bottom to 15 mm. at the ^p. The^gAses arCi drawn through 
the plant by ipeans of a fan. 

The plant is work\:d as fc/flovvs : The gas^ producer is 
charged every two or thre^e hours with coke of 40 mm. size, 
which i»hould be dry and free from non-coked co^y, ^/hkli 
would impart a brown colour to ’’the acid. The gas meets 
secondary air preheated by a firebrick grating, and ^'iic flarne 
enters the ba.se of the tower, where it meets the add converted 
into a fine .spray by means of a nozzle and compres.sed air. 
The concentrated gas Hows through a cooler in the bottom 
tray. The gases leave the tower at its top,''and enter the 
recuperator tower at a temperature of 200'' C., vvdicre the acid 
mist is retained partially by the weak acid fid ling down the 
tower. The iincondenscd gases pass then into the coke 
scrubber, through the fan, and out into the atmosphere. 

Stolzenwald ^ states that the life of the plant is about six 
years, and that the acid requires to Uq filtered ca refill Iv.io--' 
order not to choke the spray nozzle.s. 'I'his is also pointCdout 
by Llittgen.- 

Lowy and Klagsbrunn (Aust. P. appl. A6792 of 1909) in 
the case of acids forming crusts of ferric sulphate, collect the 
hot acid in an acid-proof dish, from which it runs into an 
outside settler. ^ 

J. W. Parkes and E. G. Coleman describe the development 
of the Gail lard concentration plant, 

A plant of similar design to that de.scribed above was 
erected in 1908 at Mc.ssrs Kyrux'h, Ltd., Explosives P'actory, 
Arklow, Co. Wicklow, and produced an average of 50 to 60 
tons of 95, per .cent. M.^SQ^ from 'a feed acid of 68 to 70 per 
cent., with a fuel consumption of 14 to 15 per cent, of the 
weight of finished acid. Tke fume from the hot acid in the 
basin was an objectionable feature of the plant, and the cool- 
ing sy.stcA’i was difficult to maintain in an efficient condition;’ 
^s the pipes became covered rapidly with mud. The port- 
holes for the outlet of the acid into the basin silted up 

* /T. an^cTi'. Chem.y 1910, p. 1976. Cfum, Zeity 1910, p. 23. 

^ J. Sor. Chem. Ind. f Trans. )y 1920, p. 257. 
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Jia^Sutuni^'ScrtibUr- ac. 4 # Mal^ Seaum Tat 

Fig. 96. 
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frequently, and when ^ the inside of the tSwer base became 
choked w ith sludge, it w^s necessary to close down the entire 
plant and' clean out the «mud frorfi tlje' inside of the tower, 
the only entrance to which^was through the g^s flue from the 
producer. 

• The first tlaillard .tower bij^lt entirely of acid-resisting 
blocks (obsidianite) was Erected in Natal by the same firm 
in 1911, and a most important improvement was carriq^^. out 
also at this time by the installation of a sloping ba. 4 e inside 
the tower, and the introduction of a sealed mud setd^ug tank 
and cooler. By this means fume from the base {>PThe tower 
was prevented, and the sludge deposited was trapped by the 
mud-catcher, and washed out through the sludge pipe fixed 
in the bottom*; whilst any collecting in the.tovicr bottom was 
removed readily by means of a rake through an opening 
provided for the purpose in the wall of the tower (sec 
Fig. 100). 

A short description of the plant as worked at Arklow 
(1915-1918) is given below. 


Gas Producer for Gaillard Tower. , 

The gas producer is shown in Figs. 97, 98, and 99, and has a 
combustion chamber 4 ft. 3 in. square by 7 ft. 6 in. high above the 
fire-bars. The grate is formed of fifteen wrought-iron bars, i f in. 
square, which arc rounded to rc.st and turn on grooved cast-iron 
bearer bars, and extend through the back wall of the furnace, to 
facilitate their being turned by means of a ke^ sifnilar to that 
used on pyrites, burncr.s. A charging hole, 14 in. by 12 in., 
communicating with fhe combustion chamber, is formed in the 
top of the producer, and is scaled by means of a heavy 
armourc'd fii^qbrick slab. Outsid'o. thc firebrick lining of the 
combustion chamber, the sticll of the producer is pierced by 
a series of channejs through ,, which the secondary air passes. 
By this means the air is heated before mixing with the pro- 
ducer *gas in the entrance flue to the main tower, and at,, the « 
same time acts as an insulator. 'J'he coke is weighed in 
quantities of i cwt. in wi^e baskets, and elevated to the 
producer top by means of a pneumatic hoist, where it is 
dried by the radiant heat before charging. When the furnace 
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is ready for charging, 12 cwt of^coKC is tipped from the 
baskets through the charging hol<i, and the openlfig sealed 
again. Xliis is carried o^it every »ix hours, and tfie bars arc 
turned every .two hoftr§ to*shak^ up the fire and remove 
the ashes. 

In a recent design of pi^nt, a j^rcviucer having two com* 
bustion chambers, charged altcrnj:y;cly, has been adopted. A 



charge consisting of 75 per cent. 'Aithracile and ^5 per cent, 
coke has been worked successfully on both the single and 
double furnaces. * 


Main Gaillard Tower. 

The tower is erected inside a dish formed of 30-lb. sheet 
lead on a concrete block, standing about 3 ft. 3 in. abqve the 
floor level. The floor of the dish is protected by a layer of 






THE GAILLARIJ TOWER 203 

4 in. obsidianite slabs ^set in acid-aesisting cement. On this 
floor, the •curved blocks, |4 in. by in. thick, anc^^f varying 
widths, forming the s't^ell of the tov^r, are erected and properly 
jointed with an acid-prolf cemcnt«consisting of finely-ground 
obsidianite or lava de volvic and silicate of soda solution^ 
great care being taken to c|isurc tjiat the joints and cavities 
in the rings of blocks are propcrl}* filled and consolidated with 
theVen^ent. The blocks arc laid so as to break joint, as in 
brickwork. Up to a height of lo ft. 6 in. above the floor of 
ijic towc* the shell is built, five blocks thick, at which point 
the inner ring, which serves the piirpo.se of protecting the 
main blocks from the hot gases, is di.scontinued, and at a 
height of 24 ft. above the base the outer ring is discontinued. 
The shell is comprised of three blocks in thicfviiess, up to a 
height of 36 ft. 6 in. above the base ; aiul from this point is 
continued, two blocks in thicknc.ss, to the top of the tower — 
a total height of 48 ft. The internal diameter of the tower 
is 6 ft., except for the height of the protecting ring^ 
which i.'. 5 ft. 6 in. diameter. Each tier is secured by lead- 
covered band.s.** The gas inlet flue enters the slxdl at 

a height of 5 ft. 6 in. above the base— the latter being 
built up to form an incline from a point 6 in. below the 
gas inlet to the level of the base tiles at the acid exit from 
the tower. 

The tower is surmounted with a volvic stone top, 9 in. 
thick, in four sections, heiJ together by iron bands. The top 
is pierced v^ith six atomiser apertures, and also for the gas 
outlet pipe. T^e gas pipe (18 in. diameter), which conveys 
the gases from the top of the main tower to 'the foot of the 
recuperator, is con.structed 'of curved obsidianite tiles, i j in. 
thick by 12 in. high, and covered with 9-lb. sheet lea^l bands, 
and supported by a timbef framey and erectod w.\ a block of 
volvic stone in which the bend connecting to the recuperator 
is formed. This block bend is Covered with 9-lb. sheet lead, 
and set in a lead .saucer on the recuperator floor level^ 


Recuperator. 

The recuperator tower is erected on a platform 1 5 ft» abo^ 
the ground floor of tffe plant. , The towe^ (29 ft. high by 4 ft. 
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6 in. internal diameter) is, built of one thickness, of obsidianite 
blocks, 3^in. thick by 24 is. by 1*5 f in., jointed and ^t in acid- 
resisting cement, and covered with 9-ib. srncct lead, and erected 
inside a 14-lb. sheet lead taucer. "i'hl cover of the towbr is 
formed of 14-Jb. sheet lead, supported by lead-covered iryp 





Fig. ICX3. 


bars, and is pierced by two atomiser apertures, and by an i8-in. 
gas outlet pjioc.. Under normal working conditions, there are 
two sprays atomising the acid down the recuperator, and 
the acid overflowing from , the foot at a temperature of 
150° to iCo"* C. runs through a cooler, to reduce its temperature 
to 50' to W C, before passing to the feed tanks for use on 
the main tower. 
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Scrubber. I 

0 

From «the recup^ato| tower tlfe gas passes ^ the top 
of t]ie scrubber, whic)^ |:onsists of a lead-lined box, i6 ft. 

5 in. square by 13 ft. high (inteilial dimensions). The box 
ft* sheeted half way up the sides with timber, and lined with* 
14-lb. shcet^lead. The bottim of Hie scrubber is paved, with 
bricks, on which is built A series of brick channels, 
coveredawith spaced tilcs^ on which the packing is'jilaced. 
The colje used is the very best hard steel coke, free from 
ifon and ^other impurities. A foundation is formed with 
a layer of 12-in. coke, to support the main packing, which 
consists of pieces of coke graded uniformly from 3 -in. to ^-in. 
pieces, covered wijh a thin layer of very fine g^ke free from 
dust. The condensed acid runs from the bottom of the 
box, through a cooler, to a Pohlc air lift, and is elevated by 
this means to a small distributing box (18 in. diameter by 
18 in. deep) on the top of the scrubbers connected to automatic 
flush sighons feeding luted or sealed distributors on the top** 
of each scrubber. By means of this system of circulating the 
scrubber acid, the (? 5 kc is cooled and moistened, anfl the 
acid raised •in strength to 90"' to 100“ Tw. 

Pan. 

The draught through the .system is produced by means 
of a i6-in. Kestner high-pressure fan, direct-coupled to a 
lO-B.H.P. motor with a variable speed control of 900 to 1700 
revolutions per^inute. 


The following manometer 

readings are 

typical of 

resistances offered : — I • 




Manomotor 

Heading. 

Hesiilauco. 

• 

At inlet to main towci^ *. 

- 0.6 

• • ... 

At outlet from main tower 

0-5 

At top of recuperator 

•• - '-9 . 

0-8 

At inlet to, scrubber 

. - 3.0 

M 

At inlet to fan 

• - 4 'S 

J-5 . 

At e^it .... 

. -f- 01 



The gas is expelled from the fan into an i8-in. exhalSst • 
pipe, which is carried irp througn the roof inside thq main 
tower building, and discharges^ into the atmosphere. The 
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centrifugal motion imparted by the fan to’ the gas eiTects a 
further cfl^ndensation of the acW mist escaping through the 
scrubber, diid the condcnsc^id acid t^7o' Tw.) runs away 
to a central receiving box. » - . 

Acid Oirc^’ation. 

Each tower is supplied by three vertical cast-iron eggs 
(each 3 Tt. 9 in. internal diameter by 5 ft. 6 in. total height^* 
which are connected with the atomisers at the top of the 



tower and its recuperator, by means of a i-in. extra heavy 
lead pipe, through which the acid is blown by compressed 
air at 80 to 85 lb. pressure. Each egg is worked in turn, and 
is not blowiV’com})letely eit'pty, so that any mud or sediment 
will remain at the bottom, and not tend to block the pipes 
and atomisers. As an additional precaution, two grit traps are 
inserted in the pipe line at the tower top, Fig. 101. The atomiser 
is made in regulus metal, of a composition of about 88 parts 
lead and 12 parts antimony, and comprises three essential 
parts — viz., the body (A), c&p (B), and spiral centre (C). The 
extension on the under side of the cap terminates in a cone- 




Fig. 102. 
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making joint, with the ^eating in the body (A), to^vhich it 

is securcA by means of bi^lts. The s]firal centre is essentially 
a double-threaded worm,€with a tf/o j^^art square* thread of 
J-in. pitch, having an ex^endecl to fagilitate rentoval. 

The acid- is forced through the atomiser by compressed air, 
‘and given a ^ rapid reitating njption by the spiral cenfre, 
and expelled through the outlet in a uniformly fine spray 
in the •form of a hollow cone. The concentrated acid felling 
io the base of the tower runs intd a mud-catcher, aifd thence 
into a cooler. The mud-catcher is formed by an extension 
of the 30-lb. lead saucer of the tower in the shape of*a ^ 
cylindrical tank, the wall of which is lined with obsidianite 
tiles 2 in. thick, set in acid-resisting cement, having an internal 
diameter of J ft. 2 in., and a depth of 2 k. 3’ in. It is fitted 
with a detachable steel cover, and a 4-in. outlet pipe for 
the removal of the mud. The inclined base of the main 
tower is extended through an opening formed in the tower 
wall to the edge of the mud-catcher. To rake out the mud 
deposited on the inside of the tower base, the plaqt is shut 
down, and a special movable block aboj^e the outlet removed. 

A rake is then inserted through the opening, ancf the sludge 
pulled into the mud-catcher. At a height of 34 in. above 
the base of the mud-catcher, the acid runs through a T-pipe, 
which dips into a cooler. This is a cast-iron cylindrical 
vessel (3 ft. 2 in. internal diameter by 3 ft. ii in. deep) fitted 
with a mild steel water-jacket. The water is cooled by means 
of two coils, each 3 ft. 5 in. high, and made of sixteen turns of 
I J in. by 16 lb. per yard lead pipe : one 3 ft. inMiafneter, and the 
other 2 ft. 6 in. in diameter. The cooling water runs through 
the two coils in pavahel, and then discharges into the outer jacket. 
The concentrated acid from the cooler flows into eggs, from 
which it is,blqwn to the storagb tanks. 

Output of Galllard Tower. 

The output varies according to the strength of tee <4 acid -• 
supplied, and to the degree of concentration cfi the finished 
acid. With a feed acid of 70 per cent. H2SO4, the tower 
concentrates 30 tons per twenty-four hours up to a strength 
of 95*5 per cent H5JSO4. The output increases rapidly as the 
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strength \f the finiShed acid falls, an 4 tKe tower will produce 
40 tons per^twenty-four h\)urs of 92 t(^93 per cent. H2^4. 

The approximate 'temleratures At the various points 
the system are follo\fsl— 


of 


Furnace .... 

. lOOO 

to 

I loo^C. 

Mining chamber 

. • 850 


900" C. 

Entering tower 

750 

51 

800" c. 

Recuperator . 

. 195 

>» 

205“ c. 

Scrubber . . .♦ . 

100 

»> 

120" c. 

Fan 

60 


70" c. 


The chief guide to the working of the plant is the tempera- 
ture of the gases entering the recuperator ; and, to facilitate 
the controlling ^f tjie plant, this temperature is. recorded by 
means of a pyrometer fixed in h convenient position on the 
ground level. If the temperature ri.ses, there are two courses 
to adopt: (i) increase the flow of acid down the main tower 
by bringing into use larger or adxlitional atomisers ; (2) increa.se 
the volume of secondary air. As a further guide to the 
working oT the plant, the .strength of acid leaving the coolers 
is recorded k)urly, ** 

Kaltenba( 4 li ^ states that a standard tower, 3 metres internal 
diameter, will produce about 52 tons of 93 per cent, acid per 
twenty-four hours, with a coke consumption of 10 per cent. 
The gases from the producer enter the main tower at a tempera- 
ture of about 850'’, and leave it at 200 to 220"". 

For satisfactory work, thefgases should leave the recuperator 
at a tempera<;ui4^ just above their .saturation point — say, 
120 to 130°. 

T/ie G at Hard Plant at Queeds* ^erry, 

A very valuable and intej-^sting monograph on thtf con- 
centration of sulphuric acid, with ^.special reference to the 
Gaillard concentrators, at H.M. Fa^toiTes, Gretna and Queen’s 
Ferry, has been published by the Ministry of Munitions and 
-Department of Scientific and Industrial Re.search (J'echmcal 
Records of Explosives Supplies, No. 3), from which the following 
facts are taken. The concentration plant at Queen’s Ferry* 
consists of two batteries of ^ight tow?rs each, complete with all , 
* Chemie et Industrie, 1921, p. 143 ; /. ^0^. Chem. Ind. {Abst.), 1921, p. 256. 
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the nec^sary furnftces, recuperators, fecrubbers, feed tanks, etc. 
The general arrangemenf of on«i of th^ units is shown iy Fig. 103. 

Furnace . — The pr^i»:luc|r gas is supplied from a central gas- 
producing plant, throng I brfck-liiicd flue (3 ft. by 4 ft.), into 
an iron-cased combustion chamber (5 ft. 6 in, by 6 ft; by 4 ft.). 
Primary air is delivered through a brick chequer into the 
front of the furnace, and se^^ndar^ air is admitted through 
a«s(^jnrate opening on either side to the top of the furnace^. 
The proSucer gas is burneft with an excess of secondary air, 
and the hot gases pass through a brick flue (27 in. diameter) 
into the bji^e of the main tower. 

Main Toiucr . — The tower is 47 ft. 6 in. in height from 
the base to tlic springing of the curved top, and is built of 
joggle jointed ‘.fcid-proof bricks m rings, each 3 in? thick, bound 
fcogether by lead-covered mild .steel hoops spaced 20 in. apart, 
with an internal diameter of 8 ft. 6 in. for the lower 13 ft. 6 in., 
and 9 ft. for the remainder. For 13 ft. 6 in. high the tower 
wall is built up of six rings; for the next 10 ft., of five rings, 
followed by 1 1 ft. 8 in. of four rings, and for the remainder 
of the height of only ..three ring.s. At each point at vfliich 
the tower walls arc reduced in thicknc.s.s, .special bonder 
courses are fliserted. The tower is built with an inclined floor, 
which discharges into a mud-catcher, and is provided with an 
opening, 15 in. by 2 ft. 2 in. wide ju.st .above the top of the 
mud-catcher, to facilitate cleaning. When the tower is working 
the opening is closed with a movable acid-resisting block. The 
mud-catcher is a cylindrical box, 4 ft. 6 in. diameter and 
4 ft. 6 in. deep, ljuilt up of acid-proof bricks inside a le.aden 
di.sh of 30-lb. lead. The tower top is built up of acid-resisting 
blocks in the form of a domft, 7 ft. 5 in. radius, and is pierced 
with a 24-in. diameter gas outlet, and five to nine spray blocks 
for the atomisers or spr.ay.s. t. • ^ 

Tower Off-Takes . — In the earliest jjlants the gas from the 
top of the tower passed into the* bottom of the recuperator 
and pi^at the top, but the concurrent system shown on 
Fig. ID4 has been in.stallcd on later plants, as it #as f^und 
to give better 'results, owing to the decreased resi.stance offered 
to the passage of the gas. The 2j.-in. off-take is formed of 
silicon iron pipes, and is tkken centrally from the top of the* 
main tower and led at a slight, slope into the top of the 
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recupera'or tower, which is built with Scid-resisting bricks in 
the shape of a dome to receiwi it. ^ ^ 

Recuperator , — The rec|pcrator consists of a lead -covered 
tower, 30 ft. 8 in. high did 5 ft. external diameter, built up 
of acid-resisting blocks two rings thick for the first 14 ft. 4 in., 
and one ring for the remainder. The diameter of the lower 
portion is 4 ft., and of the upper, ^ ft. 5^ in. The blocks are 
crect^'d on top of an acid-proof ba.se inside a leaden saucer, 
and the •bottom course is •built .so as to allow the ’acid to 
overflow at a height o( 2\ in. above the ba.se of the tower. 

ScruM'^r. — From the ba.se of the recuperator the gases pass 
through 24-in. lead-covered earthenware pipes to the bottom 
of the scrubber, which consists of a lead-lined wooden box 
30 ft. by 16 ft. by f I ft. deep, packed with graded coke. The 
bottom of the .scrubber is covered with .acid-proof tiles, on 
which a brick chequer work is built to facilitate the even 
distribution of the gas, and to provide a support for the coke 
packing. The sides of the .scrubber are jirotectcd by an 
acid-proo^ lining tile U in. thick, up to a height of about 6 ft. 
When the .spaces in brick grid chequer work arc filled with 
large pieces of coke, the whole surface is covered with an 
8-in. layer f)f coke, 4 in. in size, and then with a 4-in. layer 
of coke, r h in. to 2 in. in size. The remainder of the .scrubber 
is packed with coke graded regularly from r] in. to | in. The 
gas pa.s.ses from the top of the .scrubber through an i8-in. lead 
pipe to the fan placed underneath the .scrubber. 

Fau,—Thc draught through the .system is produced by 
a high-pre.ssure*Kc.stncr fan, two sizes of which arc in use : 

(i) 16 in, ; (2) 21 in. (two designs). 

The fans arc belt-driven, the gases are c.xhausted through 
an 1 8-in. main into the il.e.s of the Cottrell precipitator. 

Act'd Circu/atiou.—Fron\*the feed acid storage tanks the 
weak acid gravitates to eight leacl-lincd horizontal cast-iron 
eggs, each 4 ft. 2 in. internal diameter, and 18 ft. 6 in. long, 
built ug^in three .scction.s, with two .spherical ends fitted with 
manhole covers. Each pair of towers is supplied bf two'egg.s, 
which are cunnected wirii the atomisers at the top of the 
towers and recuperators by means of li-in. lead main, throi7gh ' 
which the acid is blown by comprc.s.sed air at a [ires^iure 6{ 

80 lb. per square inch.- The cyqcentrated acid] from the base 
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of the lower flows through the mid-latchcr into a cooler, 
3 ft. 6 in. internal diameter by 4 fb ^ deep, fitted with an 
external water-jacket and| three leaj cooling coils, hrom the 
coole/s the concentrated aCid flows ryvay to storage tanks. 

The Coiinter-currcut System of 7 vorkhig the Recuperator com- 
pared with the Concurreut System. — Uhlh a Kestner fan 

running at 1440 r.p.m,, the avtrage draught on the two systems 
was J.s follows : — 


• 

Coiiiitor-ournMit. 
Iiirlios 
..f WiiUt. 

C<jnrurr«nt. 

JllClU'S 
of W/iUir. 

Furnace 

0*2 

0*1 

Tower outlet 

• 0’5 

0*6 

Recuperator outlet 

30 

0-9 

Fan .... 

. 3-7 

3.4 


The output was Tncrcascd from 401045 tons per twenty-four 
hours of 92 per cent. from a feed acid of 65 to 66 per 

cent, to 60 tons per twenty-four hours, by the alteration to 
the concurrent method of working the plant. 

Recent Improvements. — In the latest installation further , 
improvenionts have l)een made by {li) the substitution of a 
“box” type of rccupc.ator; (/;) the sub.stitution of pumps for 
elevating the acid in place of eggs ; (e) the installation of a 
cooler for the acid leaving the base of the recuperator tower. 

(a) Box" Recuperator.— - \\\\'^ consists of a 12-lb. lead box, 

II ft. 3 in. by 6 ft. by 10 ft. 9 in. high, .standing in a 30-lb. lead 
saucer, and lined with 9 in. of acid-resisting brickwork. The 
24-in. inlet pipe is built o^ obsidianite inside the recuperator, 
and the outlet from the top consi.sts of a 21 -in. lead pipe. The 
gas pas.scs from the ba.se of the obsidianite inlet pipe through 
chequer brickwork, and a 6-in. grid of acid proof slabs, .spaced 
3 in. apart, and then throngti two layers of 6-in. quartz. On 
top of this arc placed two 3-in. layers of chequer brickwork, and 
then the main packing of thcr fecupqrator, which consi.sts of 3-iri. 
pottery rings of the standard pattern The rings are followed 
by several courses of 3-in. brick clfcquer, and the recuperator is 
cove. ?:^-by brick slabs 5 ft. 1 in. long. The cover is fitted with 
a series of lutes, to ensure an even distribution of aci(f. * 

(b) Acid Circu!ation.-AB]i\\c weak acid from the feed acid 
storage tanks gravitates to a set of three cast-iron centrifugal 
pumps, and is elevated to a constant head storage tank, from which 
it flows to a series of small lead-lined tank^, immediately over 




Fig. io6. 
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the tops, of the box rcciiperitors, and isleci into the distributors 
and lutes.^ The acid whhch i^ollpcts at the base of the recuperators 
passes through a cooler a/id then fl4>ws to storage tanks for the 
main tower on,the groiuidrlevel. the weak acid to be concen- 
trated thus passes through the recuperator before being fed to the 
main tower. From the ground level storage tanks the acid 
elevated by three centrifugal p*lunpstotwo lead-lined storage tanks 
on Tin extension of the tower top plattorm. A further threo pumps 
are installed to deliver the Aid from these tanks to the atomisers. 

• 77 / 1? Gail lard Plant at Gretna. 

The author is indebted to the courtesy of Mr J. C. l^urnham, 
Superintendent, Id.M, Factory, Gretna, for permission to abstract 
the following particRilars of the Gaillard plants from his Report 
ri.M. Factory, Gretna, “Description of IMant and Froces.ses” 
(pp. 101-108), 

Gas hleating System . — The producer gas is conveyed from a 
central producer plant through a 36-in. brick flue, and to each 
furnace through two 8-in. screw gas valves. The gas is burned 
in a combustion changer (9 ft, long — internal--by 9 ft. wide) by 
the admission of air through two 9-in. primary air ports, in 
front of th(? furnace. Secondary air is admitted through 6-in. 
secondary air ports, and the whole of the gases arc then passed 
through a brick chequer into a brick-lined steel chamber. 

Main I'tnver . — The hot gases from the chamber jiass through 
a 23^-in. diameter pipe into the ba.se of the main tower, wliich 
is 50 ft. in height and 10 ff 8 in. internal diameter. The tower 
is built of volvic^stone of an average of 8 in. thickness, the actual 
thickness decreasing from bottom to top, and , is lead-covered 
and supported by iron bands '.spaced about r8 in. apart. The 
tower is erected inside <i .saucer of 30-lb. lead, anrl the volvic 
stone floor slopes towards th»acid outlet (25 in. 14 in.), which 
di.scharges into a cylindrical .sludge box (5 ft. internal diameter 
by 5 ft. deep) built of acid-proof til^.s, and lead-covered. A .special 
repip^ablc sludging .stone is provided, to facilitate the cleaning of 
the tpwer ba.se. The acid flows from the sludge bo* thnTugh a 
6-in. Narki ifietal bend ink) a cooler similar to that de.scribed on 
p. 208, and flows then to the concentrated acid storage tank.s* 

Remperator . — The gases leave the top of the tower through 
a 22-in. diameter* outlet, ^and pa^.s through Icad-covcrcd earthen- 
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ware pipes to the recuperator, whichjconsists a stone chamber, 
6 ft. 6 in. by 4 ft. ii in. internal ilimen^ions, covered ^ith lead, 
and standing in a lead saucer. Th(^ chamber is packed with 
acid-proof bricks over whichta regular flJ^v of acid is maintained 
to cool the hot gases. 

* Scrubber . — "the scriibbe^r is a leaden box (31 ft.^by 15 ft. by 
12 ft. high) of the usual type^ andfche packing consists of about 
8 in. of 4-in. coke, 8 in. of 2 to 2i-in. coke, and 7 ft. 6-in. ofcbke 
graded from to | in. The ga.scs^pass upwards through the 
packing, and leave the scrubber top through an i8-in. outlet pipe 
loading to the i6-in. Kestner fan, which produces the draught 
through the system. The fan runs at a speed of 1800 r.p.m., 
and moves approximately 3600 cub. ft. of gas at a temperature 
of 80' C, with* a suction at thc/an inlet of*6{-in. water-gauge. 
The exit from the fan is connected with a 19-in. lead pipe, 
through which the fumes are di.scharged into the atmosphere 
above the roof of the building. 

Acid Circulation . — The feed acid gravitates from the storage 
tanks to the lead-lined cast-iron eggs, each of whk:h holds 
approximately 8.5 tons of the usual fe^tl acid (70^ to 75 per 
cent. The acid is elevated through a it -in. lead pipe 

by means of compressed air at 90-lb. pressure, to a^’spray main 
common to all the towers. Each tower is fed by five i-in. 
branches connected to an atomiser or spray. 'I'he sprays are 
cla.ssified according to the diameter of the orifice in tenths of 
millimetres, the two large.st sizes being “ 50’s” and ‘ 6o’s,” which 
correspond to orifices of 5 mm. and 6 mm. rc.spectively. The 
feed capacity of a “60” spray at 40-lb, pressure, equals i ton 
per hour. I'he* acid for the recuperator is pumped from the 
weak acid storage tanks to the fced*tanks above the distributors 
and fed in through the lutes. The hot acid from the base is 
run through C4;olers and thep into' storage tanks, from which it 
can be drawn either to the, feed eggs or to the pumps. 

Output . — The |j>Jant is capable of producing 90 tons of 92 
per cent C.O.V. per tower per day from a feed acid of,jOuti? 78 
per ceVit. acKi with a 99 per cent, recovery. • 

The following figures on the concentration of sulphuric acid 
by the Gaillard tower arc ^ibstracted from the Report of the 
Statisbccal Work of the Factories Brabch of the Department of 
Explo.sives Supply, Ministry of Munition!! (pp. 143 and 144)* — 
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Sulphuric Acid Coucc7itt%Uors (7’iV. 
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Ciiauukd. 

• 

'I'oIlH. 

I’lT 

cent. 

Tdiih 

II.hSUj. 

1’otlH 1 
SO;,. ; 

IMkmiuceh, 

TollH. 

1 l‘..r 

Ci-llt. 

'I'otlS 

n.„.sOi. 

Toiih 

HOa. 

- 

1 


— 

- ^ 




1 ^ 

1 



Sulpluiric acid 

' 15313-^' 

66-10 

10122-4 

^262.7 jj 

Sulpliuiic a< id 

IO96S.5 

1 90-01 


So 6 o '0 

Fuel — 

Coal used . 

1449-1 

' ... « 

1 

... j 







Cost. 


Sul|ilmric acid — 

'I’oiis. 

'I'onn HO;) 

’ViYal ILSO, charged to plant 

10122-4 

S262-7 

Total IloSO, recovered 

9 ''< 73-7 

.So6o-o 

Amount lo.st . 

2.PS.7 

202-7 

Per cci«t. lost, 2-45 j)er cent. 




Snx'Ks. 


• 

T((iis. 

J't r relit. 

TuIih 

lloHO,. 

Tons 

HO;,. 

• 





Stock denitrated acid on l.st Dcceml>cr . 

706.0 

66-4 

46,S-H 

382.7 

Stock weak sulphuric acid .... 


97-6 

79-9 

Denitrated sulphuric acid received . • 

. 15635-9 

66^ 

10320-2 

8424.0 

Weak sulphuric acid received, (Jrillo . 

3i-« 

61-63 

19-6 

1 6-0 

„ „ ,, cascades 

303-4 

.S.S-76 

269.3 

.• 

219.9 

Total . . . • ' 

t 

... • 

^ 11175-5 

9122*5 

Concentrated acid issued to mixing plant 

IIl72-f ^ 

9002 

. 10057.7 

8210.2 

Sulphuric acid issued to cascades . 

■h2-4 

66ft6 

274.1 

223-8 

Stock of denitrated sulphuric, acid on 2916 

K Decern^ 

715-0 

f»6-o 

471-9 

^ • 

385-2 

Stock of wea^ sulphuric acid . . ^ 



123. 1 

100-6 

I..08t in concentration .' . . . • . 



248.7 

202.7 

Total .... 

...l 


ni75-5 

9122.5’ 
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Physical etc 



• 

1 


Casks. 

Pressure. 
li»ch (wato#). 

Tom^ieratttre. 

*0. 

• CO, 

4 

• 



Leavin^^^ producers 
Enterinj^ furnaces 

... • 

0*8 

300 l> 350 


,, tower , 

0*3 • 

0 

'o 

0 


Leavinj;^^ ,, 

-0*5 

205 „ ^5 


hntcrinj:| recuperateur . 

1*0 

200 „ /20 


Leaviru' „ 

-- 2*0 

130 „ 150 


Flnterinj' .scrubljor 

2*5 

120 „ 140 


Leavinj,^ „ 

4*0 

90 „ 100 


Rnterint,^ Cottrell pre- 

0*1 

80 „ 90 


cipitator 

Leavinj:' Cottrell pre- 

0*8 

75 n 77 


cij)itator , 

. 



• 


ActUH. 

Per Cent. 

Teniperatun*. 

‘’C. 

Tons. 

Charged to towers 

f.f)*IO 

24 to 2() 

15313-^^' 

Leaving towers . 

90*01 

22 „ 23 

IO9O8.5 

• 



% 


CO-J. 


Qrams 

HaSOiper 

lOO^LlW 


Ki.KCTRU'At, Data. 

Amps. 

9 

Volts. 

K.W. llourn. 

(’urrent .supplied to Cottrell precipitator. 

1041 

329 to 424 


Power consumed 



10537 

Voltage at precipitator .... 


^>5237 


Power consumed by fan .... 

r- 


39 « 8-3 

• • 


Tons concentrated jrcr tower (H0SO4, 90*01 per cent.) 

Total at^lity of exit pases (at precipitator) j .... 
Coal used i^er tdfl ftf concentrated afid 90 01 jH^r cent.) 

„ „ I produced 

„ water evajx)rate«I 

Water evaporated per tTnver jKjr 24 h^irs .... 


46*6 

0*132 
0.147 
0-353 
13*7 tons 


The following figures on the efficiencies of Gaillard towers 
are abstracted from the^ “Second Report on Costs and 
Efficiencies for H.M. Factories,” i.^sued by the Department 
of Explosives Supply, Ministry of Munitions : — 
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* Janu^^y-June 191 ?. 

-V f , 1 


Factory. 

• • 

rroiliictioii. 
Tons ifoSO.,. 

i 

* Loss. 

Eincicricy. 

Gretna .... 

31280-2 


* y«-7 

Oldbury 

26847-0 

• *7-7 

• 92-3 

^ueenT Ferry 

68j(j8-9 

. % 

2*0 

98-0 

• Average 

^6926-1 

3-1 

96-9 . 


• The Operation of a Gaillard Tower. 

General Principles. — The Gaillard .s3^stcnl of concentration 
consists essenflally Rf the .sprayinj^ of weak acid down an empty 
tower up which a current of hot gas is ascending. Under 
these conditions, contact between the acid and the h(;t gas 
is as intimate as po.ssible, and the evaj)oration of the liipiid 
takes place at a tcm[)erature considerably below the boiling- 
point of fciie sulphuric acid. 

Heating System.-^The heat reijuired for concentration is 
obtained by tlie combustion of gas from a producer jdant. For 
small installTitions a coke-producer of the intermittent type, 
similar to that frequently employed with the Kessler plant, 
is very common, but for regularity of output and strength 
of acid, cither a continuous producer or a twin furnace similar 
to that described on p. 17 1 is preferable. For very large installa* 
tions, it is usual to erect i central gas-producing plant, which 
supplies a battery of towers with gas that is burned in specially 
designed furnaces at the base of each tower. 

The two main factors whfeh govern the rTutput and strength 
of the concentrated acid arc: (i) a regular supply o^hcat at 
a uniform temperature; (»)• a regular supply ^f acid at a 
constant strength. The first factor Js much more difficult to 
control than the second, so that, given a co»stant*fan draught, 
a .^aerfu^ regulation of the temperature of the furnace gases 
is th« first essential to sucje.ssful working. For tMis pu*rpose 
it is a great* advantage ^o indicate the temperature in the 
exit-flue from the furnace by mear^ of a recording pyrometer, 
and, with large installatioifs, to hou.se the continuous recerdeft 
in a central position on*the plant, so that the^working conditions 
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on each unit can be olserved readky. With gas-fired furnaces, 
tbc temperature of the hot ga^s [entering the maiy tower is 
controlled and regulated ^by the quantity of gas 'burned, so 
that adjustments (when necessary) oan 6c carriqd out promptly 
and accurately. 

With a continuous OF non-continuous producer, the regulatfon 
of the temperature is governed chi^^fly by the volume'of secondary 
air admitted. To secure the optimum rc.sults in workin^’thc 
jVoducer, it is c.sscntial to restrict the supply of ad' passing 
through the combustion chamber, so that a large proportion 
of carbon monoxide is formed, and is carried forward aifd 
burned to carbon dioxide by the admission of an excess of 
secondary air in the mixing chamber of the furnace immediately 
in front of the entrance to the main tower. The secondary 
air passing through a series of flues built in the walls of the, 
furnace is raised in temperature by the heat radiated from 
the walls, and, by this means, the lining of the combustion 
chamber is cooled. The reduction in temj)erature tends to 
preserve the brickwork and to leiigthen the life of the furnace. 
At regular intervals, as a guide to thc^working of the plant, 
the percentage of carbon dioxide in the gases entering the 
main tower is tested by means of the Orsat apparatus. To 
secure the best results, the volume of secondary air is adjusted 
to give a carbon dioxide content of 7 to 9 per cent, in the 
gases. A lower test indicates an excess of air, which tends 
to reduce the inlet temperature, and so lower the capacity of 
the plant ; while a higher test corresponds with high inlet 
temperatures, which tend to dissociate the su^phflric acid into 
sulphur trioxide and water. From experience it has been 
found that the best conditions for* steady and economical work 
arc obtained when the inlet temperature is maintained at 
approximate!); 1000''. • , 

The life of the furnace depends on its treatment. Sudden 
fluctuations of temperature Clause undue expansion and contrac- 
tion of the firebrick lining, and quickly bring about a r^oid 
dcterK)ratick'i and collapse. When lighting up a plant, tTierfifore, 
a small fire is maintained for several days to dry ftie brickwork 
thoroughly before raising ^he temperature gradually to the 
normaj working level. Once this htfc been reached, it should 
be maintained as closely as po^^ble. • 
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Ma in Tower.-t-Thc tower acts merely as a flue or 

hollow SI alt, throiii,^h wiiick t^ie hot gases and acid spray pass 
in oppcsiA? directions, ancf its lifeldepends, therefore, on the 
acid,-resisting qualities •f the material of which it is constructed. 
The principal material used for tfiis purpose is volvic stone, 
which resists both acid and heat will: remarkable success. It» 
is found at Volvic (Puy-dcADomc), in the centre of France, 
anct ^i\n be obtained in large blocks, which arc shape;^ easily 
to any Squired design. 

Within the last decade, towers have been built of other 
l^'pes of acid-resisting material which have given good .satisfac- 
tion. Typical examples of these “artificial” acid-resisting 
stones arc: (i) obsidianite; (2) “Nori” ware. 

The first-v.amedt material is manufactured by P.Ie.ssrs Charles 
Davison, Kwloe barn, near Clfestcr (see p. 115), in the form 
of curved blocks, and a description of a tower of this type 
has been given above (p. 200).' The .second-named material 
is manufactured by the Accrington brick & Tile Co., Ltd., 
Accringte^n, in the form of 3-in. bricks, and a descri|)tion of a 
tower of this type ha.s^bcen given above (.see p. 211). „ 

The lufl gases enter the main tower at 900 to 1000 , and 
are reduced* in temi)crature by contact with the acid .spray 
falling down the tower, .so that they leave the top at a temperature 
of 200 to 220 (.'. This exit temperature is the chief guide 
to the working of the plant, and is indicated by means of a 
recording pyrometer, .so that any variation in temperature can 
be observed promptly a^d its cau.se investigated. If the 
temperature Ti.s<?s there are two courses to adopt: (i) increa.se 
the flow of acid down the l<nver by bringing into use larger 
or additional atomisers; (2)*iucrea.se the .volume (T secondary 
air to the furnace. W / sudden ri.ses in tem})eraturc may 
be due to: (i) choking of tjiy aloini.sers or defective .s'fjraying ; 
(2) loss of air pressure ; (3) feed egg blown dry. 

Given a constant flow of hot gasbit a uyifornv temperature 
iytq.thc base of the tower, the concentration of the acid falling 
dowr^ to the bottom of the tower is governed by J:he volume 
of acid and it^ degree of f«r8ness of atomisation. The quantity 
of acid fed into the tower is varied by altering the nunfber 
of atomisers in use, and the greater the degree of finer;ess of 
^ See also J, Soc.*C/iem, hid^{jyans.\ 192^ pp. 257-265. 
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atomisation, the greatefi^ is the surfadfe exposeil to tlie evaporative 

action of the hot gases, and h^nej the greater the /degree of 
concentration effected. By varying the number afid size of 
the atomisers working on t{)e touTr,^ th(t volume^of acid passing 
down can -be adjusted at will. It is never altered by throttling 
•down the valvfc on lhc*.s|.jray pipe, as it is impossible to know 
accurately what has been the amcyint of throttling tRiis effected. 
The groater the pres.sure of*thc air on the atomiser, the gr^icltoi* 
is the Volume of acid passed, ailtl the finer the efbgree of 
atomisation. With a standard pressure of 90 lb. per square inch 
on the acid eggs at the foot of the tower, there is a loss (ff 
approximately 50 lb. caused by the lifting of the acid to the 
top of the tower, so that the ordinary spraying pressure is 
approximately 40 lb. per square inch. At this pnissure a spray 
with an opening of 6 mm. diameter (a No. “60” spray) will 
pass I ton of acid per hour. The sprays arc fitted into .specially 
prepared openings, placed .symmetrically in the tower top. The 
number of these holes provided varies with the size of the 
plant, but from five to nine is the usual number. «. 

Ill plants wluu'e the tower is constr^ictcd of volvic stone, 
the top is usually flat and built uj),of volvic shitj.s, jointed 
together ; but in recent installations where tlfl.^ tower is 
erected entirely of acid-resisting brick, the top is built up in 
the form of a dome, and provided with a central opening for 
the gas outlet. It is advi.sable to maintain a slight suction 
on the dome, as a positive gas pressure at this point leads to 
a rapid deterioration of the dome, ^Jue to the leakage of gas 
and sweating of the acid through the joints*. 'Hence it is 
necessary to provide an off-take from the tower top, to con- 
duct them away tC/ «the recupcmtbr, of sufficient capacity to 
prevent any throttling of the gase.s. The off-take is formed 
cither of lead,'’ovcred cartl^enwaixi pipes or of acid-resisting 
silicon iron pipes. It is decided advantage also to slope it 
in such a way that any conclensed acid will drain away into 
the vertical section, instead of lying in the. joints oj^ cra^glcs, 
and ftnall>* making its way through them (Figs. 104. to 
107). * • * 

Recuperator. — The gasc^s from the top of the main tower 
entering the recuperator at a tempefature of 200 to 210® C, 
carry over a certain quantity .qf acid mist with them, which 




Fig. 107.— Caillard Tower in Dbsidianite BiBcks. 


— 
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is trapped in the recuper- 
ator, and amounts to 
approximately 7 to 8 per 
cCnt. of the output of the 
plant. Three types of Re- 
cuperators are in general 
use: (i) the original tower 
form, in which thep gases 
enter at the bottom and 
rise counter-current to the 
stream of atopiised acTd 

(2) the concurrent tower 
type, in which the acid 
and gas flow in the same 
direction down the tower; 

(3) the box type, in which 
the gases pass through a 
chequer work of acid- 
resisting bricks over which 
a .Virgo volume of acid is 
.circulated. Ihe object of 
the three types is identical 
— viz., to cool the gases 
down, so that they can be 
passed safely to a coke 
.scrubber, and to trap acid 
mist. The flow of acid 
down the recuperator is 
regulated so that the 
gases leave the tower at 
a temperature above their 
saturation point for water 
vapour. 

With the original 
counter-current type^qf re- 
cuperator tower, F’gs. 108 
and 109, the temperature of 
the exit gases varies from 
HO to 120 ^ while the acid - 
leaves the base at a tempera- 
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ture of 150 to 160°. • With t 1 \e concurrent recuperator, the gases 
leave at a temperature of I3js tp 150^, according to the volume 
of acid spriyed down the tjiwer, whMe the ^cid overflows from 
the base at a temperatilVe ff about»i25°. With the box type 
of recuperator, the flow of acid is regulated so that the gases 
leave at about 140°. There is a sli^hf concentration eflected 
in the recuperator, due main]/ to ^he acid mist pulled over 
niecft&nically from the main tower. The necessity for maiiii 
taining a*slight suction on * 
the top of the main tower 
j h#s been pointed out above, 
but an excessive pull is also 
uneconomical for the fol- 
lowing reasons. Any acid 
fed into the main tower, 
but drawn over into the 
recuperator, is lost to the 
strong acid, and recovered 
only in the weak acid 
system, so that the of lifting it to the to]) of the tenver, 

and the wear and teaj; involved, are so much dead los.s. 
Furthermore,* the mist is not drawn over at the strength of 
the feed acid entering, but at a strength appreciably higher, 
so that the heat used in concentrating this acid is also lost, 
as the mist absorbs water vapour in the recuperator tower, 
and is diluted down again. Hence, the quantity of mist 
drawn over should be reduted to a minimum consistent with 
the maintenance* of satisfactory working conditions on the 
main tower. 

From actual experience ** it has beeir found to be most 
economical to use the wccikest acid to be concentrated on the 
recuperators. The weaker <v:kl not^ only traps nr:)re acid, and 
cools the gases better than the same ^volume of stronger acid, 
but it also brings down less watei* from tho gase^. For this 
reason all^he weak acid from the scrubbers and fan drips, 
etc, iSf-put through the recuperator before being spfayed%to 
the tower. 

Scrubber. — The scrubbing of thegas from the recuperator, 
laden with acid mist, serves two distinct purposes: (►) tcT 
* J, C. Burnham, H.M. Factory, Gretna, p. 106. 



Fig. 109. 



228 CONCf^TRi^TION BY HOT GASES 

improve the efficienCy of the plant by preventing loss into 
fhe atmosphere of the m^aximpmi anlount of weak acid, which 
can be returned 'econonGically tl) the concent ralfcrs for use 
again; (2) to render the, gas parsing into tke exit pipe to 
the atmosphere as innocuous as possible. The gas, leaving 
the recuperator at a' temperature just above its saturation 
point for water vapour, is cool/'d still further in^the scrubber 
^by (i) radiation of heat;' (2) by the circulation of we^acid 
over the coke packing; and (3)^ by water-cooling fhe leaden 
top of the scrubber. Condensation takes place rapidly in the 
finely divided coke packing, and the weak acid thus fornfbd 
falls to the bottom of the scrubber, and is run away to storage 
tanks. The strength of the precipitated acid varies directly 
with the tclViperature at which condensation takes place. . As 
the temperature falls, the strength of the acid decreases, but 
the quantity of weak acid increases. With an unlimited cool- 
ing capacity, the process can be continued until the whole of 
the water evaporated in the concentrators has been recovered 
in the form of weak acid, of ever-diminishing strength. In 
practice, the capacity of the scrubber fixed, so that it yields 
an acid of not less than 50 to 6oj)er cent. which is 

utilisable again on the plant. In some works' the scrubber 
acid is cooled and circulated over the coke packing, to improve 
the efficiency of condensation, and at the same time to increase 
the percentage strength of the acid (sec p. 205). 

Fan. — The type of fan most frequently employed for 
drawing the hot gases through the plant is the high-pressure 
fan supplied by Messrs Kestner of London. 'Prior to 1915, 
the standard size was a 12-in. high-pressure fan, but, with 
the rapid development in the capacity of the Gaillard unit 
during the period 1915-191^5, much larger fans came into use. 
The most generally adopted si?q is the i6-in. fan, running at 
1000 to 1800 r.p.m., and capable of dealing with approxi- 
mately 2000 cub^. ft. per minute. The actual volume of gas 
passing will depend upon the resistance of the various sections 
of fhe plunt. ^ 

For large diameter towers, concentrating Up to 100 tons 
per twenty-four hours of^93 per cent, sulphuric acid, a 2 1 -in. 

• higk-pressure fan, running at 1500 r.p.m., is employed, which 
is designed to handle 6Qqp cub. ft. of gas at 100°, with 
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a water-gauge of 7^ to 8 in. at the fan.^ The shaft carrying 
the impeller runs in bronV.e/;>ejying.s^ lubricated with oil. The 
oil-bath is Jooled by ineans|of a snmll copper coil immersed 
in it, through *ivhich waterjis circijatcd. The fans may be 
direct-coupled to an electric motor; ip which case a variable 
speed control is required, or may |be belt-driven, and the 
speed regulated by adjusting^the size of the driving pulley 
on the motor. 

Owing to the high spe^d at which the fans run, it is 
essential that the impeller should be carefully balanced before 
*u^, and replaced as soon as it shows signs of Io.ss of balance. 
The most frequent cause of breakdown is due to the rcgulus 
metal becoming detached from the phosphor bronze blades, 
and hence it is advisable to maintain as regular a temperature 
as possible in the fan casing, .so that the wear and tear is 
reduced to a minimum. For the .same rea.son, the temperature 
of the gases passing through the fan should not exceed 
80 to roo'’. 

A further conden.sation of acid mist is produced by the 
action of the fan bhu’es, and the weak acid runs from the 
base through a lute to a collecting tank. The gas is delivered 
from the fan into an exhaust duct, which is carried up 
above the roof of the main tower building, and is di.schargcd 
into the atmosphere, A small quantity of weak acid is 
conden.scd in the exhaust pipe and runs back to a collecting 
tank. 

Exit Gases. — The exit g^ses consist chiefly of steam, with a 
slight trace of acicl mist, the acidity of which depends upon the 
efficiency of the .scrubber, but should not exceod two grains 
SO3 per cubic foot. The aefd mist leaving the exit is very 
difficult to condense, as it L \ists in a fcirm which is not effected 
by mere cooling, and hen-:® it ;s usually referred* to as 
"vesicular” fume, />., it is a.ssumcd that each droplet of acid 
acts like a hollow ball and rebouftds from any surface with 
wh'^h it cymes in •contact. According to a more recent 
theory the explanation for^ the behaviour of thc^e fumes 
is to be found in the repulsive action of the electrical charge's 
on the droplets. When cxpo.sed to surface friction or to 
the action of the high-tension electric current, the droplet.s* 

' Techmeal Records^ Ministry (Jf Munitions, No. 3, p. 52. 
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or spheroids are de-eKtctrified by i^eason of Ihe neutralisation of 
t 4 ieir charges, and lose their indivifluaiity and coalesce together. 
The exit gases tare sampled continuously by^^ means of 
an aspirator, and analys^jcl regulWl/ to che(ik the loss of 
acid by escape from the plant As a guide to the working 
of the plant, bellows'" ^pot tests arc made every few hours 
by means of a h'lctchcr aspir^itor. The gases are shaken 
with a weak solution of hydrogen peroxide, and the ocldHy 
'estimated as SO^ by titration (Vith standard caifstic soda 
solution. The presence of SO.^ in the exit gases is estimated 
by means of the Reich test, and indicates that dissociation* 
of II2SO4 into SO.^ and H.^0, and then into SO.^, is taking 
place in the main tower, due to excessive local heating. 


Control of the Working of a Gaillard Tower. 

As a guide to the working of the plant, the strength of 
the acid leaving the cooler is determined every half hour. 
As the acid frequently contains impurities (siKfh as iron 
sulphate, lead sulphate, etc.) which raise the specific gravity 
recorded by the hydrometer, it is ofV'n advantageous to adopt 
the heat rise method. The [uethod is based on the rise of 
temperature produced when sulphuric acid is diluted with 
water, and is de.scribed by Howard.' 

The following is the method as adopted by Messrs 
Kynoch, Ltd., since 1911-1912. 

Into a porcelain cup of 500 c.'c. capacity, 100 c.c. of cold 
water are measured and the temperature recorded. The 
sample of acid to be tested is cooled down to the temperature 
of the water, 12 c.c.' arc run out I'rom a small burette into the 
water, and the mixture well stirred with a thermometer. The 
ri.se of tempevature is recorlcd, an. J from this figure the strength 
of acid is obtained by means of the appended table. (The 
figures var;f^ slightly with *the apparatus, which is calibrated 
before use.) 


J. Soc. Chem, Ind^ 1^910, pp. 3-4. ^ 
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Percentage oJ^H^SQ^ in Sulphuric^ Acid and Oleum 
^ for a C^'e^ He$t Rise. 



rerCfiilaK** 


IVifj-ntAK** 

Ci'iitlfirado 

lVn*oiit,age 

HfAt UiBt . 



lUSOj. 

Heat IMhh. 

Il.jSOj. 

25-0 

• 93-2 

\ . ‘ 

j ^'.-o 

9?-o 

3'''-5 

102*5 

•25-5 

93-0 

! 30^ • 

^99-5 

37-0 

102*7 

21^0 

94*1 

1 3-"*o 

99-9 

! 37-5 

103*0 

26-5 • 

94-0 

3 i \ 

100*3 

38*0 

*103*2 

27-0 

95-1 

33-0 

100*9 


103*5 

27-5 

9S-^* 

33-5 

HX)*9 

i 39*0 

103*8 

^ 280 

99-1 

'! 34-0 1 

101*2 

.39-5 

104*1 

28-5 

9<‘-5 

li 34-5 

101*5 

1 40*0 

104.4 

29-0 

97-0 

Ii 35-0 

101*7 

i 40*5 

104*7 

29-5 

97*5 

! 35-5 

102*0 

! 41*0 

105*0 

30-0 

98-0 

• 39-0 

102*2 

1 

105*3 

30-5 j 

. 98.5 • 






A slightly lunger, but more accurate, methoil is described 
by Curtis and Miles.^ hi every case the samples should be 
cooled to 25^ or lower. 

A. 'Rest for Oleum (of not more than 25 per cent.). — 200 c.c. 
of oleum (temperaturtf are poured (juickly, with vigorous 
stirrhig, into. 200 c.c. of .Milphuric acid (92*5 to 94*5) at //’ in a 
straight sided earthenware mug hedding about a pint. The 
ri.se of temjierature = C - 5 + ^0 where C is the maximum 

temperature of the mixture. The percentage of free SO., is 
found from Table i. After mixing, the liquid should not 
fume. The results arc reliable within 0-5 per cent, free 80 ;^ 
or 01 per c»nt. Ih^SO^. 

H. Test for Sulphuric Acid (96 to lOJ per cent.). — The pro- 
cedure is as alxjve, but tl^ci acid is poured into the oleum 
(20 to 25 per cent.). Ri-e = C — J {ii -f H) as before. Table 2 
is used for this purpose. After mixing, the liquid shotild fume- 
The results are reliable witfim 0*3 ^er cent. 

C. Test for Sulphuric Acid (88 to 96 per cent.). — 100 c.c. of 
the acid sample (temperature arc mixed with 300 c.c. of 
Oleum (2® to 25 *per cent, temperature = a""). Kj.se \ 

(3 ^ + b). Table 3 is used here. After mixing, the liquid 
should fume. The error should be less than 0-5 per tent. 
H2SO4. • 


J. Soc. Them. Indf Trans.\ 1920, p. 64. 
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Tabi.k 1. 

t 

II TxBf.K 2. 

■1 . . 

• 

^ Tablk 8. 




Itlso. 

I'or ciMifc 
SO;,. 

lUso. 

J’ttT emit. 

11 t 

|l Rinfl. 

I^jr cilt. 

Kl8t>. 

t 

Per e»qit. 
li^SO.,. 

4 f 

Kiso. 

Per cent. 
HaS 04 . 


• 

1 

2 

3 

4 

5 

. T) 

7 

8 

! 9 

10 

11 

12 

13 

14 
*5 

16 

17 

18 
*9 

20 

o*S 

M 

1- f) 

2 - 7 
. 3-3 

3 - « 

4 - 4 

4.9 

5 - 5 

O' I 

0.7 

7-3 

7-9 

8.5 

9-1 

9-7 

10-3 

iO'9 

21 

C 2 

23 

24 

25 

2 h 

27 

28 

29 

30 

3 * 

32 

33 

34 

3 .'; 

3O 

37 

3 ''< 

39 

40 

I2I 

12-8 n 

* 3-4 

I4.I 

14.7 
* 5-4 
lO-o 

16.7 
* 7-4 

18- o 

' 18.7 

19- 4 

20- 1 
20-8 
2*5 
22-2 
22.9 

23 - 0 

24 - 3 
25.0 

^ 2 

4 

'0 

8 

10 

12 

*4 

lO 

18 

j 20 

22 

24 

26 

28 

30 

99.9 

ns 

99-3 

99*9 

nr 

VH 

ijH-i 

97-X 

97-5 

97-3 

99-9 

90-2 1 

9f*-4 i 
9O.1 1 

95-« 1 

0 

7 

8 

9 

10 

n 

.'3 

*4 

15 

16 

17 

18 

*9 . 

20 

21 

22 

23 

24 

25 

98.8 

98-5 

98.1 
97-7 
97-4 
97-1 
907 
90.4 

96.1 
95*7 
95-5 
95-1 
94-9 
94-9 . 
94-3 
94*0 
93-7 
93-4 
93-1 

92-9 

26 

27 
. 28 

29 

30 
3k' 

32 

33 

34 

35 

37 

38 

39 

40 

4* 

42 

43 

44 

45 

92-6 ^ 

92*3 ' 
92*1 

91 -8 

91-3 
91*0 
90-8 
90-6 
90-3 
! 90-1 

89.8 
89.6 
89.4 
89-1 
88-9 
S87 

88 >5 
88.2 

87.9 



The Mechanism of ConceArlration. , 

Very little data is available of tlie actual stuj^es in the 
process of concentration, but a rou^h outline of the probable 
course of events may be obtained if the system is considered 

as one of static equilibrium/^ x <7 __ n 

^ V/ H.3SO, X .7 H.O ; ^ constant, 

so that, for any given temperatun:, a definite equilibrium 
exists between the concentration of the liquid acid and its 
vapourd 

The finer the degree of ato»msation of the weak acid in 
the top of the tower, the more rapidly is it raised in tempera- 
ture by tontact^ with tlie ci|,rrcnt„of hot gases ascending the 
tower. The concentration Of the liquid acid in equilibrium 
with its vapour wdl vary ' djrectly with the temperature, so 
that each drop of acid will increase regularly in strength as 
it falls' towa.-ds the bottom of the tower, and the concentration” 
of the vapour given off in its fall ‘will also incivase proper- 
tionAlly. In actual practice, however, the process is not 
qmte 50 simple, but is influenced by the relative speeds and 
* Kaltenbach Chim. e,t Jnd.^ *921, 0, 143- 149. 
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• * # • * 

temperatures of tl|e gas and liquid in ^he tower, and usually 

a small proportion of the acid is dissociated into sulphuMC 
anhydride • and water vapcJur.* Thft hot gases are cooled in 
supp 4 ying the^ neccssaPy iJeat of vaporisation to the vapours 
evolved, and also by radiawon. In the recuperator tower they 
are still further cooled by the injcctu^i of weak shlphuric acid, so" 
that they reach gradually t|jeir point of saturation of water 
vapowr, after which concentration ccSses and condensation occurs. 

Experiments carried ou^at one of the Government factories ^ 
have thrown further light of an unexpected nature on the 
ftiechanism of the process of concentration. Samples of acid 
collected i'rom a drip on the off-take from the main tower 
have been found to test much higher in strength than the 
feed acid injected •into the top of the tower, in spite of its 
close proximity. With a feed acid of 72 to 76 per cent. 
H0SO4 on the main tower, the strength of the drip varies 
between 86 and 90 per cent. 112804, and samples as high 
as 93 per cent, have been obtained under special conditions. 
The suggestion put forward to explain these facts is that, 
when sulphuric acid gf about 75 per cent, is sprayed ink) an 
atmosphere at a temperature of approximately 215'’ to 22 o\ 
it is instanfancously concentrated to the neighbourhood of 
90 per cent., in .sjute of the surrounding atmosphere being 
charged heavily with water vapour, 'fhe concentration of the 
acid will be maintained .so long as the temperature is high 
enough to overcome the affinity of the acid for the water, but 
the moment it fidls, then ttic water is reabsorbed and weaker 
acid results. * * 


1 Datfl and TiiiK*. 

rraductiuii 
from 'i’.'w. ' > 

1 •'r.iisiosn 

' 1 1) / 

1 Total. 

I # 

j oil 

! i’roflnctloii 

: ^ 

j mill 11 'I'ower. 

Iti Ton# 
lIjSO,. 

UKcui»frator. 

• • 

j .S(TublM!r. 

24 hours ending — 



1 



29/6/17— 2.15 r.M.. 

1990 

• 

10-9 

5.6 “ 

16.5 

8-3 

*4/7/17-1^1 „ , 

143-1 

8-3 

6.4 

147. 

i<^3 

9/7/17 - 4-«5'n . 

149.3 0 

• 6.7 

0.6 

J3-3 

9.9 

16/7/17-11.15 „ . 

i8o-2 

11*0 ^ 

4-5 

15-5 

8-6* 


^ Technical Recordl of Explosives Supply^ No. 3, pp. 49-54. 
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Experiments were gcarried out lo deterpiine the quantity 
oft acid mist drawn over from the m'ain tower and trapped 
by the recuperator, *and al4o b/ thfc scrubber, and the results 
obtained arc given in the ta^le on'pikceding pagor • 

At the same time the amount ofAvatcr charged to the tower 
•and reabsorbed in the recijperator and scrubber was estimatecl 
as follows ; — . * 



I)at*i and Tlin«. 

0 2 ^ 

ill 

a— 

tia 

. 

S'? 0 

s-as 

( 

W 

0 

.^2 a 
-• 

aT? • 

i < 

i 

a 

a 

hi 

Water expelled from , 
Towers. 

Water absorbed 
Recuperator and : 
Scrubber. i 

1 

rt 

.P- 


24 hours enclinj^— 


Tons. 

Toni. 


Tons. 

r 

Tons. 

Tou.s. 



29/6/17 -- 2.15 I’.M. . 

1990 

265'3 

14-6 

74-6 

7-9 

71-3 

50-6 

3*5 4- 2-3 

- c.S 

II-3 


4/7/17- 1 I.O „ . 

H3-I 

190-8 

IM 

74-6 

9-1 

71-3 

35'S 

2-8 + 2-7 

15’4 










-5-5 



9/7/17- 4.15 „ . 

149*. 3 

1 99. 1 

8-9 

74-5 

9-. 3 

70-1 

36-1 

2-2 + 27 

13*6 










• =4-9 



i6/7/iX-n.i5 M • 

1 80-2 

240.1 

14-6 

75'i 

f 

71*4 

44-4 

f 

3-6 1- 1-8 
--5-4 

12-2 


According to the above theory, the gases leaving the main 
tower contain numberless “spheroids” of relatively strong acid, 
suspended in an atmosphere of superheated steam, diluted with 
the furnace gases and excess air. It is believed that each 
“ spheroid ” is approximately of thc< same percentage composi- 
tion, as the figures show a distinct rclationslfip *between the 
specific gravity, of the tower outlet drip and the temperature. 
The.se globules of acid ab.sorb water as the temperature falls 
with the passage of the gases through the recuperator and 
scrubber,* until^ finally any jmtrapijcd globules c.scape in the 
air, where a mist consisting of homogeneous spheroids, and 
not a mixture of an odd fcV^strongly acid among weaker acid 
spheroids, is obtained. 

In the ^author’s opinion the suggestion that feoJ aqid ot 
about 75 per cent, is concentrated 'irostantaneously to approxi- 
* mafely 90 per cent, when sprayed into an atmosphere heavily 
charged with water vapour, is highly improbable, and the data 
given above can be explained satisfactorily on the basis of 
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the well-authenti^ted fac^ that sulphjjric acid is dissociated 
into sulphuric anhydride and water at temperatures such -as 
are founds in the lower halj* of theteaillar^ tower (see Vapour 
Pressure Tabics, pp. 2^-25^ * ^ 

Re-combination will t^id to take place as the temperature 
tails in the upper half of the tow^r, but a amall percentage 
is carried* forward by the current of gas right through the 
/eJet acid and water vapour. Thi^ is fully in accordance with 
the bcltaviour of sulphuric anhydride mists such as arc met 
with in the purifying processes in the manufacture of oleum, 
|^vhcrc it is notorious that acid particles can be swept forward 
not only dirough drops of weaker acid, but even through water 
itself In the case of the Ke.ssler plant there is a steady rise 
in strength, as tho^ acid falls from plateau to pkitcau, showing 
that the concentration takes ‘place regularly in stages down 
the recuperator tower, and there is no reason to doubt that 
a similar regular concentration takes place as the acid falls 
towards the bottom of the Gaillard tower. 

Heat Rejuiremeuis for Concentration. ^ 

The follow'ing section has been abstract(^d from Technical 
Records of f^lxplosivcs Supply, No. 3, pp. 14-20, of the Department 
of vScientific and Industrial Rcvsearch. 

The fuel consumption on a Gaillarrl concentrating plant 
varies not only with the method of working, but also with 
the concentration range, h'ormost works’ practice the following 
limits will aj)pl}' ; — • 

(1) Initial feed acid. . . • f >5 to 78 per cent. H.jSO^ 

(2) I' inal concentrated arid . . 92 to 96 „ „ 

• . 

The thermal requirouicnts arc expre.s.sed most conveniently 
as fuel consumption |)er ton of product. • 

The conditions exi.stin^*in tWe main tower of the Gaillard 
plant will be stand ardi.scd as follows : — 

(1) Initial .statq . . Feed acid at 15” 

(2) state . . Concentrated acid at 220° ; ^team gt 220" 

A typical example* of a Government factory ma^ be 
taken as : — , 

(rt) Initial feed 65 percent. Il^SOf 

{f) Final product . . • » . 92 v n 
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Using the tables compiled by a! W. Porter (see p. 29), the 
heat required is the sum of two valhes: (i) heat of total 
evaporation at cons/-ant tc*mperati;re ; (2) sensible heat at 
constant concentration. Then from f oner’s tables (see p. 38) 
for I lb. of SO3: (i) the sensiblcy heat of acid containing 
65 per cent, uf IL^SO^ .(/>., containing 52 per cent, of 
SO3) between 15" and 220“ = 204 CH.U. ; (2) the heat of 
evaporation for acid concentrated from 65 per cent, to 92* ‘ 
per cent. H.SO^ (/>., 53 per cent, to 75 per cent. SO.) at 
220° = 352 CH.U. 

.•. Total heat required = 556 CH.U. 

For 100 lb. of 92 per cent. (75 lb. SO3) = 75 x 556 

= 41,700 C.H.U., or I ton = = 934, LOO C.H.U. 

Heat Requirements (usiiifr I’ortcr's t.-iblcr).— The v.iriation 
of the hc,it roquirement-s with the strength of the feed .add 
between the limits C5 to 78 per cent. If., SO, are given 
below : — 


IllitlAl 

Strttiinth 

Hoatiti 
{ lalorlt'.s for 
a Solution 

Ilont in O.II.U. 
for 1 ton of 

Initial 

.Str.tnKtIi 

lli-at in 
t IrloricH for 
a Solution 

H-.at in tMI.U. 

of A(’iil. 

ooiitaiiiliifi 

1 Kram of h( tj. 

"li.jitiV.' ' 

of At-iil. 

('(•uLainiiif' 

1 ^'rain of ,S( > j. 

irj jmr t-nnt. 
II....SO4. 

65 

556-0 

934,100 

12 . 

420-2 

706,000 

6() 

53<'-o 

900,500 

73 

402-0 ■ 

675.400 

67 

5 '3-4 

8()2,50o ' 

74 

385-0 

646,800 1 

68 

494-0 

829,900 ' 

1 75 

368-0 j 

618,200 

69 

474-0 

797,000 i 

1 76 

352-0 1 

591.300 

70 

45‘'<-5 

770,300 i 

! 77 i 

337-0 j 

566,200 

1 

439-0 

737.500 j 

78 

321-0 _ j 

539.300 


The eHect of variation of the final concentration strength 
(between the limits 92 to 96 per cent.), with a constant initial 
feed acid (65 per-cent.), is given in following table : — 


Final 

Ooncentratioii 

Strength. 

Initial 

(loneentration. 

Heat in e.n.'i;.^. 

for 1 ton 
of Pnxluct. 

Final 

Conoentratiun 

Strength. 

Initial 

Concentration. 

ll.-atin C.H.U. 
for 1 ton 
of Product. 

Per cent. 

Per rent. 


Per (wnt. 

IVr rent. 

- 

92 

65 i 

934.100 

95 ' 

65 

1,032,900 

93 

65 

968,200-' 

y6 

65 

1,066,400 

94 " 

65 

1,000,000 



... 
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One ten of eba^ delivers to the Gailla*^ furnaces the equivalent 
of 140,000 cub. ft. of producer gas at N.T.P. at a temperature 
of 300® C.* This gas has the a^vera^i; comp/)sition : — 


C()2 

^ r • 

• - * - 

I’tT OMlt, 

6-0 

CO 

■ 9 •' 

- 24-0 

H,. 

. • 

. 8-8 

Clb 

. 1 . ^ 

2-4 

N. . 


. 58-8 


i ■ ‘ ‘ 


ICX)-0 


rand a calorific value of 130 RTh.U. = 72 3 C.M.U. 

Heat Supplied. 

Heat of combustion oiproducer gas . 140,000x72-3 -*10,1 1 1,100 C.H.U. 

Sensible heat enterinjj^ furnace . •. 140,000x0-074 

X 0-24x2-85 - 708,600 C.H.U. 

Total heat 10,819,700 C.H.U. 

(i cub. ft. of gas weighs 0074 lb., and has a .specific heat 
of 0-24.) * Under normal working conditioics, say, to 9 per cent, 
of COo in ^hc burnt g%s, the volume of air is given by : 

*V()I. air 2.76 

\' ol. .uas I 

Then weight of air . 140,000 x 2-76x0-08 — 30,912 lb. 

Weight of gas .... 140,000x0-074 = 10,360 „ 

Total weight of burnt gases leaving main 


tower at^2o'’ C ~ 4i»272 lb. 

Heat Expended. 

Sensible heat in flue gas leairiijg at 220° C. , 41,272 

x 0-24x205 2,030,600 C.H.U. 

Net heat supplied to tower . 8,78^,100 C.H.U. 


The coal consumption per i ton of 65 to 92 per cent acid 
may now be determined. One ton of 92 per cent, acid requires 
934,100 '§>H.U. (^ee above), to which an additional 20 pgr cent 
is added to^cover : {a) l^.^^es by radiation, and (J) losses due 
to dissociation of H2SO4 into SO3, SO2, etc. 


x 120= 1,120,900 C.H.U. 

lOO. 
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But working to a c) pe^ ceitt. CO^ content in the burnt gases, 
the available heat per t©n of coal for concentration in the main 
tower is 8^^89,103 CH.U. Hdnce )fbc coin^entration of i ton of 
65 tp 92 per •ent. r<;qifircs : ^ 


1, 120,900 
8,789,100 


,\ 


0.128 t«n of coal. 


%e value for other strengths (?f acid can be obtained from 
Fig. iicJ ' 

The influence of air dilution on the coal consumption with 
?L constant feed and product, and assuming the dissociation 
of sulphuric acid to be constant, is shown in Fig. 1 1 1. 


CO., ill Hunit 

• • 

VuIh. Air. 
Vula. (JaN« 

Cyal 

Conauiniitloii. ' 

COj. In Burnt 
Uasna. 

Vols. Air. 
Villa. (Jhh. 

Coal 

Conan mptiun. 

17.1 

I *06 

o-ii6 

8-0 

3*24 

0-132 

9.0 

• 

2.7O 

0-128 

! 5-0 


0-157 


The coal consumptior^of o-i 16 is that obtainable theoretically 
by adding ^ust that quantity of air necessary for complete 
combustion of the producer gas. It is not contended from this 
that as high a CO2 content as possible should be aimed at. It 
has been stated already that the most suitable furnace tempera- 
ture to work to is in the neighbourhood of 1000''. The com- 
parisons noted above showed the di.stinct economic advantage 
of working to a CO2 figure of 9 to 10 per cent, as against a 
low CO2 figure, .say, 5 per cent., representing a temperature 
in the neighbourhood of 6cxf\ • 


QIIiOHRIST Ook’oBNTRATION PLANT. 

A patent has been taken out*by the Chcmicill Construction 
Co., and^P. Gilchrist^ (U.S. P. 1 195075 of 1916; B. P. 
105^3 of 1^17), for an imj^roved concentrator whiv?h consists of 
a combination of the Kessler saturex with a packed Gaillard 
tower as recuperator. A detailed# description of the plant, as 

* /. Soc. Ckem,Jnd.j 1916, p. 1015 ; I9i7> P- 647. 
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erected at H.M. Factor}!, Qifeen’s Ferry, \S given in Technkal 
Records of ExplosrSs Sti^ply, No. 3, pj3. ^54-63, from which thj 
following- ir^ormation is taken. * 

The gener^ arrangement of the plant is* shown in Figs. 112 
and 1 1 3. . * 

• Each tower is fed througn a seric-s^o^ lutes in Jlic lead cover 
from an ovefrhead lead-lined feed tail1<, 10 ft. by 15 ft. by 4 h. 
^ jm,^nto which the acid is railed tlwoiigh a lift of 73.I ft., cither 
by Kestn^r elevators or by n^'ans of inimp.s. The acid is concen- 
trated as it flows through the packing of the tower, and delivers 
into a pan or saturex, where further concentration is elfectcfl, 
^lally beiag delivered through coolers to the main .storage 
tanks as concentrated acid. The gases are led from the main 
tower through a qiyirtz- packed .scrubber to a 2^ -in. Kestner 
fan, and thence to the stack, (ir, in the final arrangement of 
the plant, to the Cottrell precipitator. Two independent units 
were installed, each capable of concentrating 70 .short tons 
of 93*5 cent, sulphuric acid from 65 6 per cent, acid, or 
35 short tons of 97 per cent, .sulphuric acid from 65-5 per 
cent acid, using in both cases 1 62,000, CXK) IkT.U. ^ per 
twenty-four* hours, or^ ai)proximatcly 1,000,000 cub. ft. of 
producer gas^ • 

The furnace consi.sts of firebrick structure, sheathed in 
steel. The gas is led from the main producer flues to the 
entrance of the furnace, by two gas-flues, 2 ft. by 3 ft., and 
is burned with the admi.ssion of primary air in a combustion 
chamber, 8 ft. 1 1 in. by ft. 5 in. by 5 ft. 3 in., which is 
surmounted by a fal.se arch, over which .secondary air is 
admitted. The products of combustion enter an up cast 8 ft 
by 4 ft 6 in. by ii ft., filled* with chequer brickwork, and arc 
delivered to the saturex by a cross connecting flue, 4 ft. 6 in. 
by 5 ft. ^ • 

Saturex. — The .saturex tfo'^isists? of a 20-lb. fcad pan, 37 ft. 
y\ in. long by 9 ft wide by 18 in. doep, lined with three layers 
of 2-in. acid-proof tiles .set in .silicate cci^ent, and covered 
■^ith a fire^ick arch fitted with four transverse baffles, \i'hich 
defleef the h^t furnace g^.%\s on to the surface of the acid. 
The whole structure is built on concrete foundation,. 9* ft. 
above the floor level, in prder to give a gravity flow to the 
coolers and tanks. Tjie sludging hole and acid run off are 
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fixed so that a laytr of acid 7 in' dedp remafins always in the 
jDottom of the satur<?x.. To facilitate corfcentration, the acid 
is agitated by means of,^ series of compressed a^r>jets. The 
concentrated acid, at a tempelra^ure, of 250°, *fiows frojn the 
run-off pipe into a bricl<dincd pnduit leading to a cooler 
which is capfible of cogling lod tons per twenty-four hcflirs 
from this temperature d6wn to 35°. ^ 

Main Tower. — The in«idc f.imensions of the main^tt)w«r 
are 1 1 ft. .square and 47 ft. 3 in. li?gh, and the tower lis erected 
on a ba.se of acid-proof tiles inside the .same lead pan as the 
saturex. The tower is built up of acid-proof bricks set 4 ^^ 
special acid-re.si.sting cement, with walls 18 in. thick and lined 
with a dj-in. inner wall of acid-re.si.sting tiles for the first 14 ft 
The packing re.sts on .seven arches, sprung fi;om the sides 
of the tower, and is arranged as follows : (rz) 14 ft. of chequer 
brickwork 3-in. spaces ; (/;) 7 ft 10 in. of chequer brickwork 
2-in. spaces; (c) 10 ft of 4-in. quartz; (d) 4 ft 3 in. of 3-in. 
pottery rings. 

Scrubber. — From the tower the ga.scs pass-through a 
36-ip. lead off-take into a .scrubber, ^3 1 ft. 6 in. high, built 
inside a I5db. lead pan, with i8-in. walls of acid-resisting 
brick. For the first 13 ft 3 in. there is an inner lining wall, 
4J in. thick, which is reduced to a lA-in. lining tile for the 
remainder of the height of the scrubber. The internal cro.ss 
.section is 15 ft. lA in. by 12 ft lo^ in. at the ba.se, increasing 
to 15 ft lo.l in. by 13 ft in. above the top of the inner 
wall. The packing rests on chcqper brickwork, and consists 
of the nece.ssary layers of lO-in. and 6-in. qimrtz, to carry 
the main filling of 2-in. quartz, the total packing weighing 
about 300 ton.s. Both the lead off-take from the main tower 
and the .scrubber are sprayed with weak acid, to cool and 
scrub the ga.sc.s. 

Fans. — The draught through the plant is produced by 
means of a 21-in. Kestner high-prc.ssure fan similar to that 
described on p. 228. Up to the time when the plant was shut 
down, the fumes were passed from the fan to the stack, buT 
the final arrangement included fu ther scrubbing in a Cottrell 
precipitation plant (sec p. 269). 

Results. — The figures given in stable on p. 244 show the 
conditions obtaining for an average day’s working. 
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Fig. 1 13. 
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r ' — 

1. 

Tons, j 

farcenUge 

Composition. 

Temperatare. 

t "V 

* 

r 


Feed :i( id to main tower 

'i3J-45 / 

70.30*’ 

23 “ c. 

Concentrated acid j>rodiiced . • . 

78.94 

93‘8o 

258“ M 

Weak acid run into scnil)h)er 


48.46 

36" „ 

Weak acid ex-scriy>l)cr . « .t . : 

? 7 - 3 o 

57-20 

79 ° M 

Temperature at main tower off-take . 



117“ n 

„ ,, fan .... 

,, „ base of stack . • . ; 

i 



100 " ,, 


General Conclusions.— The excessive wear and tear on the 
base of the tower and satnrex has been the most serious troublB^ 
experienced. The temperature of the acid in tne saturex 
causes the lining tiles to expand and lift, thus forming a 
channel way ‘through which the hot acid ifttacks Ihe lead base. 
As soon as this is eaten through, the concrt'te base is attacked, 
and whenever a leakage of this kind occurs, it necessitates 
taking up the whole of the tiling and renewing the whole or 
part of the leadwork. Careful control of the temperatures of 
the furnace and the acid in the saturex decreases the trouble, 
but does not entirely overcome it. A further difficulty is due 
to the settling of the sludge in the feed acid in the salurex, which 
reqhh':,‘s to be cleaned out about once a month, by which 
time the whole of the saturex is full of sludge. Even when no 
repairs are required, this necessitates the thorough cooling down 
and draining of the plant before the saturex is washed out 

Some particulars are taken from the “Report on the 
Statistical Work of the Factories Branch,” issued by the Depart- 
ment of Explosives Supply of the Ministry of Munitions (see 
pp. 245 and 24(3). 

According to Bulletin No. .184 of the Bureau of Mines, 
U.S.A., p. 137, the plant consists of a combustion chamber, 
a concentrating flue, concentrating^ tower, filter and scrubbing 
tower, all of which are conslructcd of acid-proof masonry, well 
braced with cteel framing, ’and supported on concrete or brick 
foundations at a suitable height above the ground level. On^ 
top t>f the# concrete foundations masonry-lined lead pays are 
used, on which are built the masoifr/ walls. The‘ concentrating 
tow*er is packed with chequered brick, quartz, or other suitable 
p^ckipg, and the filter toyer is packed with 3-in. special rings. 
Fuel oil, natural gas, or j^roducer gas is used to generate the 
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H.M. Factory, Queen’s Fer^y. 
Monthly Report. 


Uniji Working, i'3. 


Month ending 6 A.M., 29ih December 1^17, 

GlL('f>RISl PLAN'l^ RHCOKD, 

Sulphuric Aci(iiConcetittiut^)rs 

.a • _ 


Chardki). 

■ 

Tons. 

r*>r 

<-«oit. 

II.hSO^. 

Tons 

lUSO^. 

SO;,. 

PaonecKn. 

1 I*or 
Tons. 1 ('('hL. 

I '<• 

Tons 

Jt.jHO,. 

Tong. 

HO;,. 

Sulfi^ric acid 

2408-0 

78-42 

1958-9 

1 598 -<) 

Sulphuiic acid 

1859.2 92-08 

1709-2 

I 395'3 

^ Fuel- 



i 

j 

(strong) 

1 


Coal used . 

218-2 


1 

• 1 

1 


.» ; 







Lost. 





Sulphuric acid — 

Total II0SO4 charged to plant . 
Total I IoSO^ rriuvered 

Amount hiSt 

Per cent. lost, 12-75 per cent. 


Toiih, 

195S.9 

1709-2 

2497 


'I'OIIH SQ;(. 
J 59H.9 
I 3 ‘).V 3 
203 -fj 



T<.ns. 

IVr (-*‘ 11 1.. 

Tons 

li-so,. 

Tong 

Ht>3. 

• 

Stock denitrated acid on 1st Decemljcr . 

3967 

78-4 

311-1 

254-0 

Stock concentrated acid .... 

14-0 

91-9 

12-9 

10-5 

Stock weak sulphuric acid . . . • 

bi-T 

73-0 

45-0 

36-8 

Denitrated sulpnuric acid received, stills 

2713-0 

• 78-09 

2118-7 

1729-4 

Weak sulphuric add received, cascades 

93 -S 

88-69 

83-2 

67-9 

Total .... 

« 



25/0-9 

2098-6 

Concentrated acid issued to mixing plant 

1878-1 ! 

' 92-00 

1729-6 

1411-8 

Sulphuric acid issued to cascades . 

G19 1 

78-19 

. 4«-4 

1 39-4 

M )l ... 

Stock of denitrated sulphuric, acid on 29lh 

302-1 

77 -H 

1 235-0 

191-8 

December *• 


1 



Stock of weak, sulphuric acid 

j 

1 

•48-1 

39-3 

Loit in sludging tanks %,d leaks at base 

1 


260-1 

212-7 

Umer 




• 

Lost in concentration . ■ • • • 

---r^ 1 


249-7 

203-6 

Total . . ^ - 

. :■■/ 1 


2570-9 

2098-6 
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V^/p/siciil Data^ etc. 


Leaving producers 
Entering furnaces 
„ tiay . 
I.eaving tower . 
Entering fan 
Entering precipitator 


Charged to towers 
Leaving trays 
,, scrublxjrs 

n precipitator 

„ coolers . 


* rritsaure. 

J * 

' Temptratur*) 

/ CO. 

r 

1 Grams 

Inch, (watcr^. 

yj2- 

HjjSO.per 
100 litres. 



• « 

( 



^ -• 

I-O • 


25-3 

4 -a.f 


0-8 

370-1 

24-9 

7-3 

U> 


-1 


8.5 


0-7 

158-1. 


2-0 

lOO- ■■ 


c 


0-f) 

66-0 









'll 

I ’or cent. 
IloS()4. 

Temperature 

"0. 

Tons. 





» 

• I 



' 45-2 




92-08 

164.3 

IOI-3 



40.9 

26-2 




48.6 

59-4 




92-08 

17-3 





« 

I Klkctuioai. Data. ; 

H r-' - 

Amps. Volts. * 

, ' 

K.W. Hours. 

1 Power con.sumed by Cottrell fan . . . j 

570 ^ 440 

6018 


Tons concentrated j)er tower (H.,S04, 92-08 per cent.) 
Coal used per ton of lIoS(.)4 producccl . 

„ „ water evaporated 

Water evaporated per unit jrcr 24 hours 
Grams HoSOj per 100 littes in exit gases 



84.4 
0-128 ton I 

0-556 » 

30-1 tons 
0-557 


hot gases for cv'aporation. These guises pass from the combustion 
chamber through the concentrating flue and then up through 
the conccntiilting t-ower, whtfre they come in contact with the 
weal^ descending acid, which is thus preheated and partly 
concentrated. From the top of this tower the gases are 4rawn 
at a temperature of about 220“ Ff, ind are led through a lead 
or stoneware flue to the t^p of the filter and scrubbing towers. 
An exhaust fan placed atrhe base oCthe scrubbing tower draws 
the gases through this ^wer and discharges them into the 
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atmosphere. Iiv flowing through the concentrating flue ^the 
gases pass over a pool of acid, which ll agitated violently by 
forcing compressed air through it. from perforations in a pipe 
running subiacrged in the acid and lengthwise in the flue. 
Thus a large area of acid is exposed to the direct action of 
the hot combustion gases. .In passing up through the concen- 
trating tower, the gasescome into contact with a counter-current 
of \veak acid. The tower ii- paclvt^d to allow a large contact 
surface for the gas and thS acid, and the first portion of the 
concentration takes place in this tower. The flow of weak 
^acid to the concentrator from an overhead tank is regulated 
to suit the conditions and results desired. The acid flows from 
the distributing pan to air-sealed lutes, which arc ecpially 
distributed over the^tower top and distribute the acid uniformly 
over the upper .surface of the packing. In the filter and 
scrubbing towers, the acid mi.st carried over by waste ga.scs 
from the concentrating tower is to a large extent recovered, 
though not entirely so. The loss may be 2 to 4 per cent, 
of the tot'd acid. The hot concentrated acid from the concen- 
trating flue is drawn of^into lead cooler.s. All iron salts deposit 
in the flue and in no way interfere with the efficiency of the 
concentratioi:, the iron .salts being removed through .sjLffile 
openings without shutting down the concentrator. The chemico 
concentrator requires about 13 to 14 gall.s. of crude oil to 
concentrate i ton of 93 per cent. HoSO., from ‘62 per cent. H2SO4. 
As the gases are discharged at 200'' F. or less, and the 
radiation loss is relative^ small, the heat is fairly well 
utilised. Thc.se concentrators have been built in sizes having 
capacities of 15 to 125 tons 95 per cent. HgSO, t)cr twenty-four 
hours. 

According to S. A. ionides,' two 30-ton Gilchrist towers 
were installed at the Briti.sh Acetones plagt in Toronto, 
Canada, in which the coolers for the strong acid were placed 
below the main operating floor, ^'he method of taking Ikaume 
readings each hour by dipping samples from the di.scharge 
pipe of thV cooler, and taking hydrometer readings from the 
dippers, had disadvantages^ in that acid was splashed on the 
operator’s clothes, and breakage of hydrometers was high.* A 
simple continuous sampling device consisting essentially of a 
‘ CAem, Met, Eng.,^ 1919, 20} 38-51; Abstracts^ 1919, 13 , 994. 
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miniature air-lift with J-in. lead pipe, was ’.installed, which 

cwercame these difficuftioB. For a det?ailed*description of the 
apparatus, the original article should be consulted. f 

Packed Towers. 

t . * * ^ 

According to Nielsen,^ Gaillard towers pafcked with 
“Propeller” filling material, (B. 26269 of 1913) work vvith 

good regularity owing to the rc(;i.pe rating propert)^. of the 
filling. This effect is more noticeable with an intermittent coke 
producer than with a continuous producer. 

Klink"'^ (IJ.S. P. 1276377, 20th August 1918) pauses the^*' 
weak acid to be concentrated to flow down a tower packed 
with inert material, through the interstices ^of which a counter- 
current of hot air is maintained. The concentrated acid is 
collected at the bottom, and the waste ga‘ses leaving the top 
of the tower pass through a eondenser. The weak acid from 
the condenser is heated in a .series of evaporating pan.s, and 
is discharged into the top of the tower. 

Kdroy*^ (U.S. P. 1211594 of 1917)^ de.scribes a series of 
towers packed with refractory material, and provkled with a 
leac^^pan at the bottom. The aci(> is sprayed Jnto the top 
of the Tower, and meets the hot ga.scs from a furnace. 

Chem. hTbr, Grie.sheim Elektron ^ (Gcr. P. 305122, 29th 
September 1917) de.scribes a tower for absorbing or concentrating 
acid-gases, in which the gas enters at the lower, and passes 
out at the upper end, and is washed by a counter-current of 
liquid. The tower is constructed with double walls, the annular 
intermediate space being filled with packing, such as gravel, 
quartzite, etc, slipportcd by a number of rings sloping towards 
the inner wall. In the annular chamber, which protects the 
outer walls of the tower and prevents loss of heat, the gases 
escaping from *t’hc inner chambef ‘are scrubbed again by the 
liquid. 

The Swedish N'itro Syndicate, Stockholm^ (B. P. 10591 
of iqo8 ; Fr. P. 402078), claim the continuous production of ^ 

‘ Chem. Eng.y 6, 34O. ^ t 

'' J. Soc. Chem. Ind. {Ads/r.)j 1918, p. 654. 

^ J. Soc. Chem. i\nd.^ 1917, p. 214. 

^ /. Soc. Chemt Ind. {Abstr\ 1920, p. 393. 

^ J. Soc. Chen\jnd>t 1909, pp. 88, 1 197. 
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concentrated acids in & vertical column of acid-proof material 
filled with pieces o‘f similar material, hecAed both on the outside 
and inside 4>y a current of hot gases.* ^ 

Armstrohg^ desern es a combined tower and pan system 
for concentrating sulphuric acid, 'rtie acid is first passed down 
a tower packed with quart^ir, where 4 t is concentrated to 62 to 
63° Be. (150 to i53°Tw.), and then through cast-iron pans set 
in ar furnace, one above ano'hcr. •By the time it gets to the 
last pai., which is set dncctly on the fire, it has attained a 
concentration of 93 to 98 per cent. H.^S()4. The quartz packing 
p disintegrates rapidly, and it is necessary to introfluce fresh 
quartz through the top of the tower. Oil fuel is used for 
heating, and the brick-lined tower is packed with about 4 ft. 
of quartz aLove the arche.s. The acid is fed iH by means of 
a siphon and boot^arrangemeift, so that there is about half a 
cubic foot sj^raycfl over the packing once every fifty .seconds. 
The temperature of the gas entering is about 650 to 670“ C., 
and 138 to 143 C. leaving the tower. A strong suction must 
be maintained, by means of a steam jet or fan, to prevent 
condensation of the uipours and di.stillates inside the tower. 

With regard to lo.ss of acid — it is estimated t!vit/ 4 . 4 ider 
normal conditions when the tower is being fed with lb. 

of 1 7 1 sp. gr. acid per twenty-four hours, the loss woi'li be 
2000 to 4000 lb. of 171 sp. gr. aci<l, whilst about 39,000 lb. 
of 1*84 sp. gr. acid would be obtained, and the balance — 
9208 lb. of I 71 sp. gr. — would be recovered in the scrubber 
as acid of i 47 sp. gr. • 

Kalbperry Tower. 

According to Bulletin 184 of the Bureau of Mines, U.S.A., 
the original Kalbperry tower was first erected and put into 
operation about 1906, and* has been in continuous .service 
ever since. The towers are now built in various sizes and 
capacities by the Kalbperry CorjX)ration of New York City. 
The standlfd tower is 5 ft. .square by 39 ft. high over al*, with 
an actual co.’^centration ^cjght of about 25 ft. The standard 
tower has a capacity of i ton of acid per hour (141 to 167^ Tw.). 
A typical arrangement is .shown in Fig. 1 14. Liquid or ga.seous 

/ • • 

* /. /fki. Eng. Ckem.y 1^17, pp. 386-8 ; /. Soc. Chem. Ind.y 1917, p. 501. 
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fuel^'is burned in tfie furnace (i), the gasesi of combustion 
passing through the f!uQ6 (la and 2r) int*o and up through 
^ the tower (2), and^ to tbe^scrtibber (3). The a^id to be 
concentrated is delivered to the suppl>f tank (2r7)fand thence 
fed into the top of the tower by the automatic feeding 



in the tower .against the ri^ng hot gases, the concentrate 
acid flowing from the tower through the exit (5) and the 
cooler (6 ^nd 7) into tank (9). The acid fume^riven off 
in the tower and air pass through ihe scrubbertJ (3), tnence 
4 through the suction fan (ii), and thence through the 
auxiliary scrubber (4),before*being exhausted to the atmosphere 
at V- * ' 
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A so-calied “^5 -foot ” tower has a capacity for producing, Mfhen 
concentrating sulphuric^acid from I4ta‘'*rw. to 167° Tw., aboi^t 
I ton of j67° Tw. acid per hour. •The fuel consumption will 
be about id-5 to 12 {^:alls^ of i9';ooo B.'f.U. fuel oil per ton 
of 167° Tw. acid, concentrating frofn i4i‘'Tw. to 167'' Tw. In 
addition to the conccntratciJ acid produced, about 10 percent, 
of the sulphuric acid charged is recovered as weak or scrubber 
acid of a strength of about 76" 'l^v. to 93” Tw., and there is 
a loss to the atmosphere Af about 2 per cent. One man can 
easily handle a battery of four towers. Towers may be built 
,of as large a capacity as is commercially desirable — they have 
been buili with a minimum capacity of less than 2 tons per 
day — and concentration may be made from chamber strength 
up to 96- 5 or 97 per* cent., the limit of concentration attainable 
for sulphuric acid. ^ • 

Petersen’ (Ger. P. 302534, 23rd February 1917) utilises 
the waste gases evolved in the concentration of sulphuric acid 
as follows. 

The waste gasc.s are cooled by using them to effect a 
preliminary concentration of cold sulphuric acid, and aru then 
passed intd the lead chambers in place of the water or si earn 
commonly employed. 

' /. Soc. Chenu Ind. {Ads/r.\ 1920, p. 688. 
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(r ^ 

VARIOUS METHODS OF r^3NCENTRATION 

Oonoentration of Sulphuric Acid in Vacuum-Retorts 

A VERY interesting concentrating method, including the use of 
field tubes, formed part of an ingenious, but over-complicated 
system of the»manufacture of sulphuric aeid invented by De 
Hemptinne, of Brussels, and described at length, with diagrams, 
in our first edition, pp. 507-512, to which description we 
simply refer, as De Ilemptinne’s process has never been carried 
out in full, and is decidedly impracticable. Another ingenious 
process of his, described and illustrated in our first edition, 
pp. 553-516, seeks to carry out an idc i previously proposed 
by several other inventors, Kuhlmann (in viz,, con- 

cent*. .^hig sulphuric acid in a partial vacuum, and thus reducing 
the temperature to such a point that the whole operation can be 
carried on in lead. As this process, which was actually at work 
for some time, has not proved successful, we also refer for it to 
our first edition. A further modification of his plan has been 
described by De Hemptinne.' r- 

Of more modern forms of leaden vacuum- apparatus we 
shall mention that of KrelD (Ger. Ps. 1 18880, 166557, 176994; 
B. P. 363604; Austr.„P. 21305). ^The acid flows through a lead 
pipe, <2, F'ig. 1 15, heated by an oil-bath,/^. Pipe a is stiffened 
inside agahist atmospheric pressure by diaphragms, c c, leaving 
passages for the acid in such a manner that the acid 'must 
proceed in a zigzag course, aqfl provided with communications' 
in their upper part for the vapours. At the bottom of pipe a 
lies a perflated pipe, /, through which hot gas!?s may be 
introduced for the purpose of hastsining the c'oncentration. 
The unperforated diaphragms, //j, stiffen the pipe and divide 

^ .j * January 1882. 

Z. angtiv. OiW, 1901, 14 , 423. 
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, ft' 

the steam spac<j into three compart menfs, connected through 
h with a comhion yacuum-pipe, i ^In this way the cooler^s 
k io condense acids various strengths. The acid 
entering aA<-chamber-jy:id ^ot lOO^’Tw. leivcs as acid of 159° 
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or 164'' Tw. (that is, we must nf^tice, only 86 to 90 per cent. 
^•12504!) and desc9nds through a pipe, w, which must be at least 
17 ft. long, Fhto a collector, n. By surrounding m vjith a jacket, 
c^j Che heat of the outflowiifg*acid can be utili.sed for heating up 
the chgimber-acid. Oil-bath b is heated indirectly by means of 
coil heated by a fire,/, and connected at both ends, r, with 
the oil-bath in such a manner thait r. constant circulation takes 
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plaA;. (According t& private information, Kr^ll employs lead 
alloyed with a little co^p^r, as recorpmandecP by Lunge (Vof. I., 
V p. 226) for higher temperatures and strengths.) 



Fig. 116. 


Cast-iron retorts are also used io*>concentrate^su]phuric acid 
in a* vacuum, starting from such strengths at which the cast iron 
is not yet acted upon. I;i^. 116 shows the shape of cast-iron 
vacuum-retorts used in Gernjapy for sulphuric acid, with great 


m 
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success, and furpishing,very high-strengtn acid. Such a i^tort 
weighs about 7 1 t(#ns. ♦ ^ , 

I. Mey^ (Ger. P. 71580) coinbintis a lead vessel with an iron 
vessel; th^latter, whijjh reebives^ the acid in an already con- 
centrated state, communicates witli the air-pump. The pan- 
bottom is slightly inclined tp one side. The djlute acid comes' 
in contact only with lead, the s':rong acid with iron or platinum. 
The concentrating-apparatus ^’s beit connected with a distilling- 
apparatifcs working at the salwc vacuum, and continually receiving 
the concentrated acid through a siphon. 

^ Brown and Georgeot (Fr. P. 241815) state a theory as to 
the concentration in vacuo in which there is nothing new. 

The Kommanditgcscllschaft L. Kaufrnann & Co.^ (Ger. P. 
*34773) con^entratew sulphuric acid in a cast-irc^ vacuum-still 
by means of a steam-jacket or gaseous fuel, driving it over the 
heating-surface in layers of only 10 to 15 mm. depth by means 
of stirrers almost touching the metal, with such a velocity tliat 
the concentrated acid, by its centrifugal force, can issue con- 
tinuously hi spite of the vacuum. By the above treatment the 
steam-bubbles arc inont' easily detached from the solid sui faces. 

Cast-ircAi vacuum-retorts arc mo.st suitable for treating the 
dirfy acid (iicid-tar, sludge-acid) formed in thc,^^ef.fical 
treatment of mineral oils {cf, p 289 et scq.). This acid, when 
bailed for some time, chars most of the organic substances 
diSsSolvcd by it, and is at the .same time concentrated. But in 
this process much of it, .sometimes nearly 20 per cent., is reduced 
to SO2 (cf. p. 290), which c.^uses not merely loss, but also great 
nui.sancc, unless the SOj, can be reconverted into SO3 {cf. 
Vol. IV.) or othcrwi.se utili.sed. This difficulty is overcome 
by the employment of VTicpum- retort. s. . I'he considerable 
lowering of the boiling point thus produced cau.ses the action 
of the acid on the organic substanjc to be mu^i le.ss and of a 
different kind. There is only about 3 per cent, lost as SO2, and 
the organic substance is convertcf^l mostly jnto a« carbonaceous 
substance which can be removed by filtration through .sand. 
The acid flRis made is equal to i68'’Tw. ; it is dcy;k coltwred, 
but quite fit to be used ofes again for the refining of mineral 
oils. 

Kynoch & Co. and Cocking (BI P. 28891 of 1896) egiplpy 
* Z. angew. Ch€m.^d<p2^ 16 , 1098 . 
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cast-iron retorts wotlcing with a vacuujn for tpe concentration 
pf waste acid from nitroglycerine. ^ » • 

Girod and The Gnidich von JLandsberg Chemische Fabrik ^ 
(Fr. P. 432783; B. f. 17158 r^i/) concentf^te the^acid 

at 150" to 160^ to about 1*47° Tw., and then introduce it in a 
‘ finely divided state into,a 'tower 01^ other appropriate apparatus 
in which a partial vacuum is maintained (preferably a'oout 20 cm. 
Hg), and in which the temparatur^ is regulated by the admission 
of heated air. #> 

J. Patten" (U.S. Ps. 1286080, 1286188 of 26th August 1918) 
passes the acid to be concentrated through a series of several^ 
chambers, in which it is heated by steam coils, while 
maintained under a vacuum to distil off the water at a low 
temperature. , The method of construction of tfie lead-work 
is described in detail. . 

The Norsk Hydro Klektrisk Kvaelstofaktieselskab^ (Fr. P. 
4 M 995 ) ' Hh July 1914; Ger. P. appl. N15431) employs a 
series of vacuum apparatus on the tubular system. In the 
first apparatus the acid is brought up to 60 to Og^per cent., 
in tlvj second to 75 per cent, in the thirc^' to 79 per cent. SO^. 

The Padische Anilin- und Soda I'abrik ‘ (Ger. P. 302553 
of^'^t^ January 1917) concentrate sulphuric acid, in a vacuum. 
A heating chamber is provided, with pipes of perforated sheet 
iron, coated internally with lead, which is connected homo- 
geneously to the iron at the perforations. The exterior of 
the pipes may also be covered with lead. These pipes resist 
the chemical action of boiling liqijid, and also the difference 
of pressure. The chamber is also lined with lead, and a 
continuous process is practicable. 

Concentration of Sulphuric Acid in a Tube System. 

C. K?ell P. 1872/ of ^1894) has constructed an 
apparatus consisting of a cast-iron pipe, heated in a bath of 
molten lead, ^ the ends beiivj water-cooled, so that the solid 
lead forms a tight joint against the molten portion. Figs. 
117-*! 19 show this system with all details. One such pipe 

* /. S(?c\ Chan. Ind. {Abstr\ 1912, 81 , 127 and 335. 

* J. Soc. Chem. Ind^ {Abstr)., 1^19, p. 718 a. 

3 J Soc. Chan. 1915, p. 1*142. 

' /. Soc. Chem. Ind. i^Abstr.)^ i92i,‘p. 388. 
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yields from 300 ?o 500 tons* strong sulphuric acid, accorc^ng 
to the strength ot tjie feed acid, with on^f man per shift. The 
cleining can be performed * mostly jvithout any stoppage of* 
work; once Nn two or three week* a thorifugh cleaning must 
be chected, which invofves *a stop;^igc of half a shifl. This 



Fig. 117. 


plan works out well for concentrating Glover acid or waste 
acids from nitroglycerine, etc# •» * 

M. Liebig ^ speaks very well of it. Stolzcnwald- gives 
additional detaiks, and states that^the coal* consuinption is 
tons per tvj^enty-four hours for producing 5 tons 97 to 98 per 
cent. H2SO4. Hartmann ajid Benker^ admit the sufeess oC the 

^ Z, angew, Chem.^ 1900, p. 184. 

2 Ibid., i9’o, p. F977.<^ ^ 

^ Z. angevj. Chem., 1906, p. 565. 
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Krefil apparatus, witi? the remark that ^t is njore suitable for 
^^•egenerating waste ac^d^ from pnrif}fing t>rocesses than ’ for 
producing commercial acids. Krell’s Ger. P. 1665J7 describes 
arrangements for chicaning *his ’pjpes^ His Gen P. I7j5944 
(^. P. 4063 of 1906; hr. P. 363604) describes a combination of 
inside pipes m^ade of chined whil^e cast iron, in short pieces, 
surrounded by a jacket of ordinrfry cast iron. 

Strzoda^ (B. P. 26732 t)f I5^'3; Ger. P. 272158) employs 
for pipes serving for the concentration of acid, in 4 he place 
of porcelain, etc., ordinary cast-iron pipes, coated inside with 
a ferrosilicon alloy (see p. 118) which is absolutely a^‘^ .proof 
the unavoidable intermediate space between that coating and 
the cast iron is filled with an acid-proof cement, made of 
baryta, asbestos, Kie.sclguhr, and sodium silicate solution. 
The inventor explains his process,^ apd points out that 
thereby pure limpid sulphuric acid of 97 to 98 per cent. 
Ih^SO.^ can be obtained without any wear and tear of the 
apparatus. 

The Krell-Strzoda tube system is described in th® Z. angew. 
Chein., 1918, 31 , 185-187;/ Soc. C/iPm. Ind. {Abslr.), 1918, 
p. 688 a. The concentrating tubes and certain® other parts 
ar^ of an acid-resi.sting iro?i, cnclo.sed in a shell of 
cast iron, the intermediate space being filled with an acid- 
proof cement, which seals any cracks which may appear, in 
the brittle acid-resisting iron during u.sc. The concentrating 
tubes arc arranged on the slightly inclined bed of a furnace. 
They are connected with each ojber and with the distillate 
receiver in such a manner that the acid passes from the first 
tube to the second, and so on, through the series, to the acid 
cooler and receiver. The distillate is taken from the top 
of a crescent-shaped bend in the connection between each 
two tube'^, tp, a cooler and receiver. Advantages claimed 
are: (i) working conditions easy to control; (2) comparatively 
short time uequircfi for tlje construction of the plant, and 
for the subsequent repairs, renewals, cleaning; (3) colourless 
clecfi’ pure, acid. 

In a small Krell-Strzoda plr.n'w of up to •^six tubes, the 
production is somewhat less than 0-9 tons 01 97 to 98 per 

I 

*/. /m/., 1914, p. 643. 

* Z, angew. Chem.^ 1914, a, 455. 
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cent per tube per twenty- four hours, ancf 0-9 to 10 per 'cube 
with more than six tubes. • The co*.l ^consumption is 4 cwt 
per ton of 97 to 98 per ceiu. Jhstead of condensing the 
distillate from the Krdl-Strzoda' plant in water-cooled lead 
pipes, H. Pcter.sen passes the hot /apour up a small tower, 
in which it is dissolved by a descending stream of 50 
per cent, chamber acid yic ding acid of 85 to 90 per cent, 
which is passed again thrpigh tlie concentrating apparatus. 
The process is now in operation in several works. It is 
es.sential that the tubes be kept clean and free from slime and 
• crustauuxi, as, otherwise, they are burned and soon require 
renewal. 

By means of the Krell-Strzoda plans used in conjunction 
with a Petciscn preeoncentration tower, a strengMi of 97 to 98 
per cent, may be reached from an initial 50 per cent. acid. 
Working to 93 to 98 per cent, concentration with an .^output 
of 10 tons per twenty-four hours, a reduction of 1-34 tons wf 
weak acid treated is effected, as compared with other processes. 
Loss in this process is negligible— about i per cent, of very weak 
acid (i°B. ; sp. gr. 0007) is obtained; whereas other plants 
.show about 10 per cent, containing an appreciable amount of 
sulphuric acid; which has to be recovered by reconlj^^k-ation. 
The increased fuel consumption on the Strzoda plant — i *8 tons 
pCx 10 tons 94 per cent, acid, as against i-2 to i>5 tons 
in other plants— is counter-balanced by the higher yield of 
concentrated acid and smaller amount of weak acid obtained. 
By the employment of a* fcrrosilicon alloy, the wear and 
tear of the plant is reduced to a minimum.^ 

Brandenburg (Ger. i*. 2.13544) employs iui evaporating 
vessel with one or more inclined side-tubes, placed in a furnace. 
These side-tubes arc po vided with siphon-tubes inside the 
evaporating vcs.sel, which pr4)ducc a vivid ciriulation of the 
liquid. If they arc heated, the liquid inside the vessel is heated 
gradually as well, and is brought k) boiling. The mud settles 
at the bottom, without interfering with the boiling operation. 
The apparatus may be made of quartz, gla.ss, or the kike, as ?ach 
part of it can expand without^any strain being put on the other 
parts. 0 

• Mattenklodt, Chern, Zeit., 1920, 44, 529*; /. Soc. Chem, Ind. 

1920, p. 569. 
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Fisher, Hall, and* Moore (B. P. 2 ^^%^ of 1898) let the acid 
fun through a long cai',t-^ron pipe^ heated foutside, to produce 
continuous concentration, c , 

Kcstner^ (Ger. ?s. 121359, i'77304^; B. P. 125G2 of 1906; 
21548 of 1912) conccntplcs the acid by heating it in a 
perpendicular iron tube, in which it is raised to a higher level 
by the gas bubbles. He also cLicentrates the a‘cid in per- 
pendicular pipes, heated c»vitsid(^', without introducing air or. 
gases into the liquid, by forcing ifnis into the pipcij. under a 



prc.ssure not sufficient for driving it up to the upper part, and 
compelling it to rise in thin layers along the inside walls of 
the pipes through the formation of vapours. 

Harris'-^ (Ih P. 77^8 of 36th March 1912) concentrates acid in 
horizontal pipes, pa.ssing at different heights through a heating 
flue, and its -avails .hi such 'a way that they can be removed 
singly and replaced without interfering with the others. The 
pipds are cV^ised at the ends, but are provided with an ooening 
near one end, surrounded by a lip.* ' The openings are disposed 
alternately for each pair of adjacent pipes, and at the otjier end 

‘ ' ‘/. Soi\ Chem. ImL^ 1913, 32 , 409. 

J, Soc. Chem, Ind,^ 1913, p. 363. 
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a bbnt tube is fixed in such a way tKat, before the pipes are 
completely full, the liquid flows into the n&t lower one, or, in 
the case of the lowest pipe, iyto‘a,n exit channel. pipes are 
supported by the walls of flue ; the openings and tubes being 
outside the flue, and thj middle portions extending across it. 

A suitable channel encloses the protruding ends of the pipes 
for the receipt of the vapours esc^yung from the openings. JThe 
flue, channel floors, and side w,fll§, are made of acid-resisting ' 
material, and provided with suitable drainage flocfrs. The 
bottom of the flue floor is composed of porous bricks, which are 
situated over an acid gutter, so that any waste aciT^'T^Tay be*® 
removed continuously. 

Harris and Thomas (B. P. 23414 of 1914) concentrate acid in 
a rectifying plant consisting of a series of .silic*a-ware tubes 
arranged in four tiers in a heading flue. According to the 53^^/ 
Inspector's Report for 1916, the “Thomas Harris” 
rectifying plant for making high-strength acid has undergone 
modification in detail, but is not yet a regular producer in quantity. 

Hart^ describes an evaporator for acid liquids, consisting ot 
closed glass tubes 4 ft. long by 3 in. diameter^ which are 
arj-anged horizontally side by sid^on iron supports, covered 
with jftb'vistos ; two or more .scries of these tubes are placed 
. in steps one higher than the other, and each tube is provided 
with three i-in. opening.s, for the introduction of the liquid 
and the e.scapc of steam. The upper series of tubes di.scharge 
into the lower, and the latter into a collecting channel for 
the concentrated liquid. The whole .system is heated by the 
gases from a furnace ; the liquid being warmed in the first 
set of tubes, and then boiled and evaporated in the second set. 

Oonpentration of Sulphuric Acid by Electricity. 

Bucherer - makes the following calculation : The production 
of 100 kg. apid of^ 168° Tw. from 117 kg. acid of i42®Tw. 
requires 32,679 large calories, corresponding to — 

^.2679 X 4^2 >< £o‘ ^ ^ elecj:rical h.p. hours ; 

736 X 3600 ^ 

calculating the electrical h.p. hour = id., the above is equal to ' 

1 /. Ind. Eng. Chem., 1918, 10, 555 ;/ Soc. Chtm. Ind. {A 6 sir.)y 1918, p. 495. 

2 CAfm. Zeit.y 1893, P- H97 J Chem. Irid.y 1894, 18, 249. 
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£i per ton (o^ the lar^e scale). Further estimates of the 
amperage and v6ltagQ> the platinum# surface, etc., must be 
passed over here as being entirely® hypothetical. 

Haussermann and ,Niethammibr ' have*’ made actual experi- 
ments on this point. As might l?c^ expected, only alternating 
currents can be employed, s.'nce othervise an electrolysis takes* 
place. The concentration i 5 ^ very easy, but requires 1490 watt- 
hours per kg. This seemj. to c'xclude every possibility of 
practical application. 

Peuchen ?nd Clarke “ (B. P. 24739 of 1893) propose both 
puil.') .* j and concentrating sulphuric (and acetic) acid by the 
electric current, eventually proceeding up to distillation. They 
propose electrodes mechanically revolving round a hollow shaft 
within the boiling acid. A fresh patent of thcii%(Ger. P. 83526) 
describes stationar); electrodes for the same purpose. 

Wacker'^ (B. 3183 of 1895) propo.scs concenttiiting 

sulphuric acid by electricity, with introduction of SO.^. % 

Johnson (U.S. P. 825957) concentrates sulphuric acid con- 
taining SO.3 by an electrolytical treatment which oxidises the 
SO.,; more of this is con.stantly introduced. 

Pagliani * describes experiments in which sulphuric acid 
is concentrati'd in ves.scl.s containing platinum clect’:o(^c.s. •On 
the average forty-three kilowatt-hours were required to obtain 
100 kilos of acid i'832 sp. gr. from acid of 1*563 gr. 

Taking 7500 calories as the mean calorific power of anthracite 
coal, the thermal efficiency — that i.s, the ratio of the heat 
theoretically necessary for^the concentration of the acid to that 
actually con.sumed, is 0*25 for lead pans, 0*34 for platinum 
stills, 0 49 for Kessler plants, as compared whh 0 93 for con- 
centration by electrical hccltyig. The yijld by the electrical 
method may be incrcasv^d by using closed apparatus of quartz, 
cast iron, or volvic lava, gr preferably, cnajpcllef 5 cast iron, 
provided with a scrubber, as in a Ke.ssler apparatus. In one 
series of experiments a yield of kilos (4 acid of 1*832 sp. gr. 
per hour was obtained. With regard to the relative costs of 
the processes with coke at 60 lire (45s.) per ton, cicatrical clergy 
• 

' C^em. Zeii., 1893, p. 1907 ; /. Soc. Chem. Jnd.^ 189^, 18 , 391. ^ 

* Soc. Chem. Ind ^ 1894, 18 , 251. ^ /. Soc. Chem. Jnd.^ 1895, 14 , 484. 

■* Ann. Chim.^ appl. 1918, 10, 134- 137* ; /. Soc. Chem. Ind, {fAhfr.)^ 
1919, p. 171. * • • 
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would be 1*4 centesimi per kilowatt, 4 nd the relative costs 
■^with electrical energy ifnd with anriiratite ^ould be the ratio 
^of 9 to 5. • ^ \ 

Matignon ^ states that 4 uring the r, owing to the very 
^ high price of coal, and th(i low price of electricity from water- 
*power, acid wa^i concentrated froia iio^Tw. to i^8°Tw. by 
electrical heating. Ferrosilicon alt)ys were used for the bath 
as well as for the electrodes. /' , 


Electrical Concentrator. ^ ^ 

According to lUilletin 184 of the Bureau of Mines, p. 140, 
an electrical concentrator has been installed by the Chemical 



Construction Co. at Mount Molly, N!t., and has been operated 
intermittently for .several months with good results. During 
1918 a i-ton capacity unit was installed at a chemical plant 
at St .Albans, W, Va. This concentrator is designed for small 
capacities where electrical cur’-eiit is available and comparatively 
cheap. It ciuisists of a small bath space built of acid-proof 
masonry in which are placed, two electrodes of acid-proof iron 
spaced about 2 or 3 ft. apart, the electrodes being adjustable. 
The -hath c-f^ acid is also so arranged that the le.^l may be 
lowered or rai.sed. There is a dan. of acid-p:oof masonry 
between the electrodes. The weak acid is fed in at one end 

of the furnace near the ^jlectrode rnd flows over the dam 

> / 

* Chem. Indf 1919, p. I3di. 
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to an outlet at#the otner end. The electric current bet^veen 
the electrodes pasties through the tWiI layer of acid flowings 
over the dam and heats this fliin layer to the point where the 
water is evaporated at a rapid rate.. 

Cheinischc Fabrik VVeissenstein-G L\s., VVcisscnstcin,Carinthia^ 
(B. P. 16^685. C()nvcntion|datc 2i.st May 1020), describe a 
plgnt for distilling sulphur acid (Fig. 123). The .stills arc 
heated internally by electee heaters above the surface of the 
liquid. A stoneware stiller;) connected by a pipe (i) to a 
supply tank (/*) arranged to maintain a constant level, is fitted 
witn\?cV.Lric resi.stances of platinum, or of metals such as 
iron or niekelin, whicli are not acid-proof, but become protected 
by a layer of oxide (»r sulphate, heated by a passage of con- 
tinuous or alternatiiig currents. Rellectors ofcjflartz, etc., may 
be placed above tb<| heaters. 

' C/irm. Trade /., 28 , 7 , 21 . 



CHAPTEV*. VI 

i 

/ 

Tm: CONDENSATION OF SU^lVlURIC ACID VAPOURS 

CONDENSATION BY ELECTRICAL MEANS ^ 

One of the most important and promising developments in 
recent years is the application of electricity to the condensation 
of the vapours evolved in the concentration of sulphuric acid; 
the fundamental principles on which the method is based are 
givev briefly below. ‘ 

According to modern theories of electricity, an electric 
current is a stream of electrons carrying positive and negative 
charges, and a body through which the electrons p-;ss freely 
is teimcd a conductor. A gas may Lecornc a conductor of 
electricity under the influence of various agents, such’ as radium, 
ultra violet rays of certain wave Kingth, X-ray, s, etc., and is 
said then to be ionised. When in this state, if it is subjected 
to the influence of an electric discharge, the negative ai\d 
positive ions begin to travel towards the electrode of opposite 
polarity, where they deliver up their charge of electricity. By 
raising the potential of the electrodes to a sufficiently high 
degree, they may serve also as ionising agents. In this case, 
if the gaseous ions encounter any solid or liquid particles in 
their passage through the electrostatic field, they impart a 
charge of electricity to the particles, which are then driven 
towards the- electrode of oppo.site sign, where they are deposited. 
The discharge ol*clcctricity, and thciefore the rate of ionisation, 
is facilitated from sharp points or edges, so that the “discharge 
electrodes” are made usually of this form, while the “receiving 
electrodes ” are formed of curved or flat surfaces. discharge 

of electricity from points gives r»se to what is termed an 
“ electpic wind ” blowing from the electrode, due to the repulsion 
between the electricity condontrated >on the points and that 
which they impart to the surrqupding air, by conduction. The 
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air adjacent to the point of discharge •receives a charge of 
electricity and is ^repeyed^ instantly^ j|id its place taken by 
uncharged air. It is the rapijJ convection currents which are* 
set up in fliis way th.^t carry tlt^ charge* of electricity to any 
particles, solid or liquid, with wlfidi they come in coiit.ict, 
causing them to travel towards the rQceiving electrode. 

In praftice. two types of apparatus are ‘^used : (a) Pipe 
'treaters, in which the gascjj kre passed through metallic tubes 
at a velocity not exceediiTg*i2 ft. per second, l^ach of the 
tubes forms the receiving electrode, and the discharge electrode 
1^ d with a thin wire stretched along the central axis 

of each tube, through which a unidirectional potential is applied 
(Fig. 124). The particles arc precipitated on the walls of the 
tube, whence they c.rc drained, if liquid, whil.sj:, if solid, the 
current is shut off periodically jiiid the dust shaken down from 
the tubes into bii^. (/>) JMatc treaters, in which th^^^ses 
are passed between rows of parallel vertical plates, serv 
4s receiving electrodes, and upon which the particles are 
depositedr I he ionisation or discharge takes place at sharp- 
edged electrodes hanging midway between the plates. - 

The precipitation of fumes and suspended particles by means 
of the “electric wind” from a pointed wire is a \yell-km^n 
experiment, which dates back to the beginning of tlie last 
century ‘ ; but no advance was made until Sir Oliver Lodge re- 
investigated the subject in 1882-1884, in a series of experiments 
to dissipate the I Jvcrj)ooI fogs by means of a high-tension 
electric discharge. In i8^, experiments were carried out on 
the precipitation of lead fumes at the Dec Bank VVorks,*-^ but 
failed owing to the inadequacy of the electrical plant available. 

A series of patents were taktn out in i884-i886*in hmgland and 
other countries, coverii.. the* methods employed, which* have- 
been developed in recent years by the Lodge Fume^L'o 

. • • 

The Cottrell Precipitator. 

The modern development of electrical precipitation is due 
mdinly to •Dr G. Cottrell in America. In^ 1906, Ivhile 
Professor Physical Chemistry in the University of California, 
he investigated the removal of sulphuric acid mist frolh the « 

* Hohlfeid, ArcA. f. d. ges 7 Naturlehre^ K. W. Keslner, Leipzig, ^82^, ^ 
200-207. t * Lodge, Chem. Ind.^ 1886, 6, 572. 
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4 . , ^ 

gases of a Manoheihi ^contact prdbess, aiyl repeated the early 
experiments of*L(jdge. His first funckmental experiment is 
described by Cottrell in apaper^on “Jlie Electrical Prccipitatioif 
of Suspended Particles.” ^ • I • 

While working on^ evtning i« the dark on the influence 
of. a brush discharge on the fumes from sulphuric acid, a purple, 
glow was noticed on the p.cce of cotton -covefcd magnet wire 
which carried the current^ to the, discharge electrodes. This 
was duejto the fact that loose fibre, owing to its fineness 
and sharpness, acted as an excellent di.scharge point for the 
^potential current. Use w«a.s made, therefore, of iron 
electrodes, covered with hairy asbestos, in the first practical 
scale installation on the contact plant at the Hercules Works 
of the Du Pont dg Nemours Co., in California. Although 
carried out only on a small .scale (alternating current of 
6ooo volts), the re.-^lts were encouraging and led to tlit^rst 
successful commercial application at the refining plainer PKahi 
Selby Smelting and Lead Co., California. At this works 
silver is separated from the gold which it contains by dissolving 
in boiling concentrate^! sulphuric acid. The fumes from the 
boiling ackl cau.st!d great inconvenience and nuisance in 
the neighbourhood, as Viey choked the tunnel of 4 he 
Southern l\acific Railroad when the wind was Mowing 
in a certain direction. The plant for precipitating these 
fumes consi.sted of a lead-lined box, containing lead-covered 
iron rods, fitted with asbe.stos, as di.scharge electrodes sus- 
pended between lead [)latc.s acting as the receiving electrode.s. 

A unidirectional current t)f 17,000 volts was employed, and 
the sulphuric acid fumes were precipitated successfully in the 
form of weak sulphuric acjd of approximately 50 per cent, 
strength, • 

The principle of electrostatic, precipitation Wc^ extended 
rapidly to embrace the reeg^ery gf dust and fufrfes from metal- 
lurgical and smelting works, and met with striking success 
throughout the United State.s, as ft solved *a problem which had 
baffled th« jpgenuity of chemists and engineers for many ^ars. 
Larg^ sums ^f money bad been expended in •attempts to 
prevent the dist and fumes from destroying the vegetation and ^ 
crops In the immediate Y^cinity Jhc works, which involved 
> / In^. Eng, Chem.y 191 1, p. 542. 
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the payment of heav|/ dama^ges and costly litigation processes. 
Not only did the CotKcll precipitator remove these troubles, 
in most cases the Value of the dust recovered was more 
than sufficient to pay for tho cost of installation of the plant. 
Equally satisfactory results Vere obtained from the application 
• of the precipitator to tl^e waste gases of rotary cement kilrwj; 
and the potash fti the dust recovered has proved an unexpected 
but very valuable by-product. Upwards of 150 Cottrell treat%rs 
have been installed in America '-aed elsewhere, which handle 
the gases from a great variety of processes, including the 
cleaning of blast furnace gases, all types of metallurgi^^i^^juBt 
and fumes, dust from mechanical pyrites burners, in sugar 
factories, and also in factories handling dried food-stuffs, such 
as powdered egg and milk. A comprehensive aegount of the 
development and application, of the Cottrell precipitator, 
too.^.b.sr with a bibliography of the literature on the subject, 
*1fS' given by Dr H. J. Bush in two papers,^ which should be 
consulted for further information. 

The Cottrell process of electrical precipitation is covered 
by the following patents: U.S. P.s. 86^843, 866844 of 1907; 
895729, 945917 of 1908; 1016476, 1035422 of 1905; 1060065, 
10079740^1913. • ^ 

The patents are administered in America by the Western 
Precipitation C'o. (1907), and also by the Research Corporation 
of New York formed in 1912, when Dr Cottrell became 
Director of the U.S. Bureau of Mines. 

The International Precipitation Co. o{ Los Angeles, 
California, controls the patents’ rights outside America, and 
the sole representatives for the United Kingdom and some of 
the Dominions are Messrs Huntingdon, Heberlein & Co., Ltd., 
of Itldesleigh House, Caxton Street, London, S.W. i, to 
whom the "author is indebted for drawings and information. 

Recently a new company ('Lodge-Cottrell, Ltd., of 51 
Great Charles, Street, Birmingham) has been formed in the 
United Kingdom to work the combined patents of Sir Oliver 
Lod^e and ,,Dr ¥. G. Cottrell. ' «» '* 

® -L. 

^ /. Soc. Chem. Ind. {Jleview\ p. 389 ; /. Soc. Chem, Ind. {Trans.\ 
1922, p. 21. 
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Ot)ier*Aleotrioal Pi^oipi tabors. 

Heimrod and* Egbert ^ ^describe a tubular type ol pre- 
cipitator for the condensation c>f sul^nuric acid mist, in use 
in a ^Wiscoitsin plant. In one these precipitators, 3000 
cub. ft. of gas per minute at 57'’ C. is^ treated from three tower 
concentrators (yielding 50 tons of (93- 18 per cent! 

HgSOJ per*tvventy-four hours), and 3000 lb. ol’^acid of i8"B. 
i(fO J)er cent. H.^SOJ is rec^c^cd jjcr twenty-four hours from 
the mist •A potential of volts is employed, with a 

power consumption of 3J kilowatts. Another unit, similarly 
iCcJWjl^s^ ^'ctrically of twelve pipe.s, each of 12 in. by 15 ft., 
^treats 2500^ cub. ft. of gas per minute at gfC. from two 
tower concentrators (producing 40 tons of 93-18 per cent 
acid per twgity-four •hours), and 3500 lb. of a^id of 33‘'B. 
(39 per cent. MjjSOd is rccovi^rcd. One of the largest 
installations treats 3<l,ooo cub. ft. of gas at S2"' C. per nmpte 
from twenty-two cascade concentrators, each producing 10 ton^ 
0^,93 cent acid per twenty-four hours. Four units, each 
of twelve pipes, 12 in. by 15 ft. are employed, and 25 tons 
of 45° B. (55 per cent. ^USO,,) acid is recovered per twcrtty- 
four hours. • 

The high potential parts^of precipitators for collegtiny; acftl 
mist must be provided with insulators having a large safety 
faetjar as regards voltage rating, and mu.st be protected from 
acid fumes. Fans arc used mostly to create the necessary 
draught, but steam jets arc used in some cases, though they 
are not so satisfactory. 

Thum^ reviews the pracfical details which require attention 
in equipping a Cottrell electrical precipitator, and the condi- 
tions which require investigation and adjustment to obtain 
efficient operation. In '/eating fumes containing sulphiuric 
acid, the insulators are attacked rapidly and punctured by 
the thin film of acid deposittfl on ^hem, and th^n replacement 
is an important item in the maintenance charges. ^ 

Bush^ gives an account of the development of the Cottrell 
systtm of efbttrosta'tic precipitation in England, andjts applka- 

' CAem. and ffet. Eng.y 1918* pt 309 ; /. Soc, Chem, Ind, {Abstr.\ 1918, 
P-729- , 

^Ckem, and Met, Eng.y I9i9^p. 59 ; / Chem, Ind. (Abstr.\ p. 163. 

* J. Soc. Chem. Ind. {^Review)^ 1918, p.^389. * • 
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to the recovery rof sulphuric acid fujnes at.H.M. Government 
factories. Detailed fnformation of the p^nt erected at ‘H.M. 
Factory, Queen’s Feny, <is given in Technical Records^ No. 3, 
of the Ministry of^ Munitions, p. 63 et seq. ■ 

^ The Working of the Cottrell Precipitator. 

The first \Z!ottrell plant was erected, in ipr;, at H.M. 
Factory, Queen’s Ferry, fi'r the. jtiirposc of treating the fume 
from two batteries of eight Ga^Mrd towers, concentrating the 
waste sulphuric acid from the manufacture of explosives. The 
fumes, after passing through ordinary coke scmibbgca^tfare 
collected in a common lead main, and led to a precipitator 
divided into four compartments, each of which is designed 
to treat 16,900 cub. ft. per minute, the total volume being 
estimated at 48,000. Thus, one compartment is always kept 
ij' ’^ffserve ready for immediate use, in Wse one of the three 
(las to be isolated from the rest for inspection or repairs. 
The gases arc aspirated through the plant by means of a 
Davidson injector, which induces the necessary <rlraught in 
the brick-built outlet stack. The in>jcctor is fitted with a 
45-in. inlet Sirocco fan driven by an 80 h.p. motv;r, at a speed 
ch' 580 to 630 r.p.m., and is capuble of dealing with 50,00c 
cub. ft. of air per minute. The average power consump- 
tion is 1920 kilowatts per twenty-four hours. The four 
treater chambers arc built on a reinforced concrete foundation^ 
in acid-proof brickwork, with removable lead-lined covers 
resting in lutes on the side walls. Each treater is 30 ft 
I in. long, 7 ft. 6 in. wide, an'd 8 ft. 6 in. high (internal 
dimensions), and the whole of the base is covered with a lead 
tray, 3 in. deep, sleeping slightly towards the discharge opening 
at one end. 

The electrodes arc of- the platc-and-bar type. The lead 
plates forming the receiving clect.-*odcs (2 ft. wide by 8 ft. 5 in 
long, made of 8-lb. lead) are hung from lead-covered M.S. bars 
about 10 in. apart. There are eight rows of receiving electrodes 
(si^ty-four^in all) in each chamber. The discha^-ge electrodes 
are made of regulus metal bars (7 ft; i f in. long,cand of cruciform 
croso section ; the four wings being i in. long by f to fV in 
thick, sharpened to promote discharge) and hang 'midwa> 
between the receiving electrodes. They are spaced 12 in. apart 
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in sets of eight, on lead-covered steel bass, carried on insulators. 
^Each chamber is provided with {8 bars-^/'./, 144 discharge 
^electrodes. ‘ c 

Although alternating curpent ‘can be used for firecipitating 
fogs, unidirectional current i 5 necessary for cleaning moving gases. 

* * Each of the four chambers is connected to a lO-kilowUt 

high-tension generating set, consisting of 100,000 v^It step-up 
transformer, motor, rectifier, and <1 switchboard, there being 
five independent sets of each, wlflith can be connected to any 
of the chambers. The average power consumption for four 
chambers amounts to 620 kilowatts per twenty-four li^urs. 
electrical potential maintained between the electrodes varies 
from 68,000 to 73,600 volts. The bars are negative, and the 
plates and positive poles are earthed. The gasqs enter the 
precipitator at a temperature, of 85 to 90“ C. (corresponding 
fan temperature of 100" C.), and iWve at 10 to 15° C. 
"below the entrance temperature. The average velocity is about 
3 ft. per second. The amount of acid recovered averagers 
30 tons of 51 per cent. H.2SO4 from a total of 420 t8>ns H2SO4 
charged to the towers as 67- 5 per cent. This represents 

about 3 to 3.^ per cent, of the total H^SO^ cha^ged to con- 
centrators. About I to 1*2 per dtnt. of the acid passes up 
the stack into the atmosphere. 

The installation at R.N. Cordite Factory, Holton Heath, 
erected by Messrs Huntingdon, Ilcbcrlein & Co., for treating 
the fume from Kessler concentrators is described in Engineerings 
28th January 1921. Two chambers in parallel form a unit 
for dealing with the fumes from two Kessler plants, con- 
centrating from 10 to 15 tons of sulphuric acid per twenty-four 
hours. The treated chambers are^ wooden boxes, 19 J ft. long, 
5§ iti high, 4J ft. wide, lined with lo-lb. sheet-lead, and occupy 
the same sfpace as one of 111*6 old coke-packed scrubbers. The 
discharge electrodes are rcgulus ^metal bars, of cross-shaped 
section ; the , collecting electrodes are lead plates, made of 
8-lb. sheet-lead, and are earthed. The treaters are worked 
generally wjth current at 55,000 volts. The fun&e^ from^^he 
two Kesslers are drawn through a‘ coke-scrubber, and enter 
the beater at about 80° C., with a velocity of 5 ft. per second. 
The weak acid recovered* contains 30 to 34 per cent, by^weight 
of H2SO4. By-passes are provided to allow the scrubber to 
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be cut out, and the gases to be taken* straight through to 
the treater, if desl»d. . | 

Delasalle^ describes the preliminary laboratory experiments^' 
and the theoretical conridcfiationsV^hich served as a basis for the 
design of the plant erected for the Service des Pond res in France 
for precipitating the sulphuric acid mist from tw^ Gaillarcl towers. 

The plant consisted of sixty lead pipes of 3 mm. thickness, 
20 cm. diameter, and 3 met'cs in length, supported at their 
upper ends by lead-covered iron collars, resting on the floor 
of the upper chamber. In order to prevent drops of liquid 
from entedng the lower chamber, the pipes were made in two 
sections, ef which the smaller wa.s enclosed in the larger for 
part of its length ; thus forming an annular space, which was 
expanded into a lute, into which the acid fell, ami which served 
as a liquid seal to^prevent the entry of air. From this .seal 
the acid flowed to a collecting ve.s.sel of lead. ^ 

The, electrodes consisted of wire formed like a .star, and 
attached to lead-covered iron rods in the upper chamber 
terminating in leaden plates in the lower chamber. The fume 
was made to traverse the precipitator from top to bottom, 
and its distribution was eflected by special devices. 'J^he 
apparatus was placed between the Gaillard plant and rfhe fan, 
so that it was always under suction, and the connections were 
.so arranged that it could be worked in conjunction with cither 
or both towers, with or without the coke-box, or cut out 
altogether. In order to obtain acid of a strength of 40® B. 
(.sp. gr. 1*384) maximum, ^he temperature at which the gases 
enter the preci[)itator must not be below lOo'" C., and a portion 
of them was therefore conducted to the appaivitus direct from 
the coke-box to maintain tfii.*^ temperature. The average yie ld 
from two Gaillard towers producing 1950 kg. (too per^^cent^"^ 
H2SO4 every twenty-four hours, excluding tljc, colce-box acid, 
was 1 1*5 g. per cubic metre of furfle — the latter having a residual 
acidity after treatment of i g. of g*i8 to 0-2 g. repre.senting SO^. 
Including the amount recovered from the coke-box, which 
a^feraged 5^. per cubic metre, the total yield wa.s 5^5 kg. IT2SO4 
per Gaillard fbwer per twcirty-four hours. 

The table on next page .shows some of the results obtained. • 

® • 

‘ Chem. et Ind., 1920, pp. 291-316; J. Soc. Chem. Jnd. {Aistr.\ #920, 
p. 7 J 0 . . * . 
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The efficiencj^ may be increased by raicing the temperature, 
but it is reduced cf the fu^e velocity lis too high, or by the^ 
presence of nitric acid. Modifications or the plant were effected^ 
as regards imreasing tlje pjpc le^ths to ^-25 metres, and the 
diameter to 100 mm., and the 3 ii'oction of the fume was 
reversed. • 

It is claimed that the ^use of the plant wich nine Gaillard 
towers produced an cconoi \y of 95,000 francs per annum, and 
when it was also applied tftvthc recovery of acid from seven 
15-ton Kessler systems, the total gain amounted to 200,000 
francs perr annum. 

In the, table on p. 280 there arc listed the electrical pre- 
cipitator installations that have been erected and satisfactorily 
operated fo.- removing sulphuric acid mist frojii gases flom 
concentrators in America,^ This table includes data 0!>.the 
number and type of’ towers, with their combined capacity^,^i:4^id 
feed, the recoveries and concentration of the recovered acid, 
and essential data on the size and operating conditions of 
the precipitators. 

r; 

Typical Operating Costs for Toiver for One Year. 

Power (200 watt# per pipe, 300 days, at 2 cents per kw.-hoiir) c . !?46o 
Labour, 2 hours per day at 50 cents per hour .... $300 

Repairs (estimated) ....... $200 

With the exception of installations J and K, all precipitators 
were installed after the usual coke-scrubbing towers, and for 
the primary purpose of cliTninating a nuisance. Installation J 
was made without coke scrubbers, but there was included in 
the system a cooling coil of. 12-in. lead pipe, with return bends 
exposed to the air, ha ing \\ total length of 125 ft. .^heij. 
scrubbers are omitted the addition of such a coaling coil is 
advisable, because the precipitator efficiency i.s#\^istly improved 
when the gases are not hotter tlyan 200 to 210'’ F. at the time 
of treatment. The efficiencies of*these installatmns have been 
coftsistentry# high! Continuous operation with clearances of 
98 to 100 pen* cent, havo^ been maintained. Whfre scrubbers 
have been Omitted, tests have shown over-all concentrator ^ 
efficiencies of 96 per cent, based cm .the amount of acid passed 

* U.S. Bufcau of Mines, Bull. 184, p. 142. 
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» K, Kulbperry towers ; 8, Skoglund towers ; C, cascade type. 




INFECTION OF WATER flSfTO FANS Ml 

through the tower, the amount of concerttrated acid produced, 
and the amount rjcovered* in the p|;e«|ipitator reduced to the 
basis of 100 per cent, sulphunic acid. 

Welch (U.S. P i28^84*of 3i‘^^Dcccmt)er 1918) converts all 
the dilute acid (chamber acid) into the vapour phase, and then, 
by cooling to a certain determined degree, a cloud of acid of 
definite strength is formed, and the particles of this cloud are 
collected by electrical pkeipitafion. The temperatures of 
cooling find the corre.sponcfii^ strength of acid obtained are : 
260 to 280° for 90 per cent, acid; 200 to 210*" for 80 per cent, 
acid ; and .65 to 175" for 70 per cent. acid. Ih'actically complete 
recovery acid is effected. 


INJECTION OP WATER AND WEAK AOID INTO 
^HIOH-SPBED FANS. 

According to the Alkali Inspector's Report {\giG, 1917) the 
treatment of fume developed in concentration of strong sulphuric 
acid received much attention, and two new methods were under 
trial, both of which resulted in a marked decrease of acidity of 
the waste gases treated. One of these was the adoptioi^^,^ 
electrical metkods to remove acid spray (see p. 268) ; the other 
was the supply of water or weak acid to the fan used for inducing 
sufficient draught on the fume flue of cascade units. “ I^y this 
simple means also a great reduction in the acidity of the gases 
was effected, and its adoption may rapidly extend. In both of 
these methods an impre.sswe feature is the very short period of 
time during which the gases are subjected to the action of 
electric influence or fan movement.” . 

Experiments have showQ that steam is not effective [n. 
reducing the content of .-sulphuric anhydride in the &k!f^gases, 
but that water dis.solves J;hc acid mist ui^tiJ it reaches a 
maximum strength of approximately 45* per cent, acid, after 
which it has no effect on thc#ga.ses. The best results are 
obtained ^when ^he .solution contains less than 25 to 3^ per 
cent. H2S(J4, and, under the.se conditions, the SO.j content of 
the exit ga.ses is reduced below i gr. per cubic foot. In or'der 
to cyry out this idea, acid of 25 per cent, acidity from an 
overhead feed is injected at the inlet of the fan, so as to irapinge 
between the rotating bjades. The liquid runs from the base of 
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the f^n into a small tank, whence it is elevated ‘to the feed tank 
by means of a Kestnec elevator. Sufficient Water is run Into 
,the circulating system \o "maintain the acidity at 25 per cent, 
and the surplus acid- is run /iway frorrj the plant. * ^ 

* Oalder-Porc High-Speed Scrubber. ^ 

I r 

A new type of scrubber has b£en introduced by Messrs 
Chance & Hunt, Ltd., Oldliury, W, A. Caldcr, and C. H. Fox 
(B.P. 126320 of 9th December 1916), which is now employed 
extensively for the condensation of acid mist from concentration 



Fig. 120., 


plants of varying types. The author is indebted to Mr W. A. 
Caldcr for the following particulars. , 

Design . — The high-speed scrubber is usually made of lead ; 
if, however, other corrosive ga.scs, such as nitrogen oxides, are 
present, the use of this metal is avoided. The exit gases from 
the concentrating plant, laden with acid mist, are drawn by 
means of a fan through a scries of perforated plates, or other 
baffles, at a speed of not less than 20 lineal ft. per second. This 
CausdS^'^isyiC particles of acid mist to coalesce and fall to the 
bottom of the scrubber, whenfce the condensate is drawn off. In 
the absence of oxides^of nitrogen, thT lead scrubber, packed with 
three perforated lead, baffles, is used ; the plate nearest the inlet 
is pierced with |-in. holes, the second and third plates with J-in. 
holeV The , plates last four to six months, and over ; tl)e ffirst 
plate is most affected, especially in the centre. Li the presence 
of oxides of nitrogen, the scrubber is built of brick and the 
baffles consist either of thr^d perforated plates made of eartheii- 
ware instead of lead, or else strips of gla«s about i ft. in length. 
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CALIBER-FOX HIGH-SPEED ’SCRUBBER 

' f 

J ft. broad, and 'J in. thick, arranged as ^n sketch (Fig. ,126). 
Ordinary windo^t glass .is quite suit^le, and stands up well. 

Te 7 np€rature . — The tempcj-ature of the gases entering the^ 
scrubber should on nO|accgunt exceed iJo°, as the efficiency 
falls off rapidly at higher temperatures (probably due to 
dissociation); no to 120'' is recommended as most suitable. ** 
It has been found that in* the case of the Gaillard tower, the 
density of the condensate in °Twfis approximately the same 
as the tAnperaturc in o'’ C.,^i which condensation takes place. 
J'his holds good between 90 to 145''. If the temperature falls 
below 9o'’,*the condensed acid may fall to 40 to 50 per cent. 
H0SO4. Although it is possible to water-cool the fume main 
leading to the high-s[)eed scrubber, this is not desirable, as 
much wate* vapour Is condensed when the ga^es come into 
contact with the co^l inner surface of the main, which would 
remain as water vapour if tnc main were air- cooled. 


Working of Scrubber, 

The inlet damper an essential part of the scrubber, and 
should be lowered so that the speed of the gases under its edge 
will be about 80 ft. per scco.^d. This damper spreads the gali^ttM 
well over the Surface of the baffles, and improves greatly the 
workhrg of the scrubbers. It is advi.sable to have two small 
glass windows fitted at the outlet of the .scrubber, and to adjust 
the damper .so as to obtain the clearest exit gas possible. When 
the right conditions obtain, ordinary print can be read with case 
through a 15-in. layer of •the ga.s. The draught across the 
scrubber and inlet damper should be about 3 in. to in. water- 
gauge ; there is an apj)reciable falling off in the *01110101107 of the 
scrubber when this difieronce in draught falls to 2| to 

• 

Capacity 6 / fiigJi-Spccd So'ubbm'.' 

A .scrubber 3 ft. internal diai:^ctcr wiP deal ^vith 40 to 60 
cub. ft. pc^ second^ that i.s, with an output of 25 to 40 tons of 
reAifi^ oil*of vitriol per twenty-four hours, and, ^^rovidccT the 
concentration ^lant is run m a rea.sonable manner, the acidity 
in the^exit gases can be reduced readily to less than i g^r. SO3 
peV cubic foot. The content Should be kept as low^ as 
possible, />., und^r i gf. j)er cubic*foot, as its presence is largely 
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due , to decompositien of the acid d)ncentpted; and .this 
^ decomposition leads to the forma*:ioi> of mists, very difficult 
^ to condense, and to lass of ackl, as SO2. 

The cost of the' high-speed scrubber is only a fraction of 
that of an equivalent coke scrubber or electric deposition plant, 
whilst it is built far more quickly, and its small size enables it 
to be placed in positions where there is not room for a coke 
scrubber, and to be moved from one plant to another if desired. 
The simplicity of the baffles, a^id the fact that thc>^ can be 
changed in a few minutes, constitute a great improvement 
over the elaborate graded packing of a coke scrublAjr. Special 
technical knowledge is not required, as in the case of electric 
deposition plants, and the performance of the scrubber is not 
liable to the same fluctuations. Once the high-speed scrubber 
is adjusted — a matter of a few minutes as a rule — it requires no 
ittention than a coke .scrubber, and is free from the ri.sk 
of clogging, which takes place occasionally in coke scrubbers, 
when waste acids, containing volatile organic bodic.s, are beiitg 
concentrated. Very few repairs are required, and a purer and 
stronger condensate is obtained than^^when a coke scrubber 
i.s used. , 

The following advantages arc claimed for the high-speed 
scrubber: (i) High efficiency; (2) low initial cost; (,'?'> small 
size and compactness, together with simplicity and accessibility ; 
(4) low cost of running and repairs ; (5) high strength and 
purity of acid recovered. 

According to the 54/// Alkali Inspector's Report (1917)* ^ 
new type of .scrubber, known as the “ Calder-Fox ” high-speed 
scrubber, was introduced during 1916. It is of special interest 
on account of the vtry short perioci of time— a small fraction o! 
"a set^^iv^ — in which the remova’ of siuspended acid liquid 
particles i^ effected by frequent sudden change in directior 
of the flow of the gases, and by provision of surfaces so disposec 
as to promote friction bet'veen gas end solid. It is to be 
noted, however, that, in common with electrical methods, iti 
chief effect, is exerted on suspended particles, aAd that acic 
remaining in the gaseous phase is but slightly influenced. Thh 
consideration is of importance when, as is frequently the case 
sulphurous acid is present" in imp6rtant quantity. As over 
heating dissociates sulphuric anhydride into sulphurous acic 
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gas and oxygen,, unflu^ pressure fln a cc^icentrating plant is 
apt to lead to tke ^formation of acid in the gaseous phase, to 
arrest which, neither the electrical ncti^tfie high-speed scrubber 
seems to be suitable, unless ‘associated \wth condensation of^ 
aqueous vapour by co?)Iing. Ac?ftrHing to the 55/// Alkali 
Inc^ector's Report (1918), the Calder-Fqx scrubber was furtlitr 
improved tn the light of ^accumulated experience, and is an 
efficient remover of suspenjed liqi*id particles. 

Fires in Ooke-Packed Condensers. 

Accoiding to the 54/// Alkali Inspectors Report for 1917, a 
scrubber connected with a cascade plant took fire. In order to 
prevent undue condensation of water, and so obtain a condensed 
acid of greater strength, the leaden casing of the scrubber was 
enclosed with 2-in. Doarding. A^arious rea.sons were ad^ani^'d 
as to the origin of the fire— the inferior quality of the coke 
packing being one of them (gas coke instead of furnace coke). 
This instance, however, is by no means an i.solated one, similar 
cases having occurred in connection with Ca.scade, Kessler*, and 
Gaillard plants, and no adequate explanation of their origii; has 
been given. In one case \'rticre a wooden cover was providl# 
and the intcA’cning space packed with .sawdust, to more 
efJeOTI^illy retain heat, it was found that the temperature of 
the cascade gases was sufficiently high to set the sawdust 
lagging on fire, although separated by the usual lead casing. 
Another case of internal fire was attributed to pieces of wood 
which had got mixed u {5 with the coke packing. When 
concentrating wa.stc acids from the manufacture of T.N.T., 
a certain amount of nitro bddies is carried .ovei' in the scrubber 
and is condensed in the por^of the coke packing. FLftS^haw 
been caused in such .senj^ers l>y the ignition of tne nitro- 
body, due to excessive Iv^t/such as a plumbcr#burning lead on 
top of the scrubber while in action. 

Fires can be caused by carele^ness on the part of the plant 
opcrative,*c^peciafiy in the ca.se of the Gaillard tower plant. 
If the* supply ^)f acid to tlip main tower and reefSperator of a 
Gaillard tower is blocked for any reason, the hot furnac# gases 
passiif^ right through int» the scrubber will drive off the weak 
acid and water, and ignite the x^oodwork and coke in a* Very 
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short space of time. „The sifpply of acid may fail on the tower, 
owing to : — ^ ‘ 

(rt) The atomiser sj^rais or nozzles having become blocked. 
{b) Failure on the part of the operative to chaiige over the 
feed -acid eggs correctly. ■ If the egg is blown empty, the feed 
will stop until this is remedied. ■# 

{c) Operatives have been kno;vn to throttle ' down the 
delivery valves on the feed^jnains,.in order to avoid changing* 
the spray nozzles when the feed too strong for tho, requisite 
strength of acid required. As they have no means of knowing 
how far they have checked the acid flow, in some caj^es it is shuf 
off completely. 

The box type of recuperator, fed with a constant stream 
of weak acid from a gravity cistern, offc/s greatej; protection 
against risk of fire than the Qpen-tower {ype. 

^R^^viewing the small amount of evidence which has been 
published on this subject, it appears probable that sufficient 
attention has not been directed to the fact that wood chains 
at a temperature of 200 to 225'' ; while coke docs not ignite 
below 400*" (.see Mills and Rowan, “ Fuel ”). 

The temperature of the ga.ses entering the' .scrubber is 
“^ighe.st at the point of inlet, andVaries between 180 to 230” 
according to the method of working the plant, so that, in 
some ca.ses, the woodwork of the .scrubber may be igniced ^at 
working temperatures. If this happens, the melting of the 
lead (melting-point 315'’) follows quickly, and, assisted by 
the draught of the fan, the fire spreads rapidly to the coke 
packing, unlc.ss caught in time. 

Comparison of Various Scrubbers. 

K«r5^5‘nbach ^ examines critically various types of .scrubbers 
in use. ' 

Scrubbers arc constructed ustialiy in heavy woodwork 
and lined witli brick tiles ;• and theiii dimensions are such 
that the .surface of radiation is small in comparison with 
theff volume, so that the cooling effect is small. Scrybborf 
of the type shown in Fig. 127 are irrational, because the gaf 
encounters the bed of fine coke first, and then descends 
through the beds of coarser material. The gas tends to folloMf 
^ Ckim. Ind. {Trans.\ 1921, 6, 59. 
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the path lof least r^si^tance, and •descends vertically towards 
the* exit without jtraversin|^ the remainder of the packing. 
In a short time this section of thc*^i|cking becomes choked/ 

since all the condensation and the lead, salts collect at thif 

t • V . 



Fig. 128, 



point. Fig. 128 sho#s a partiJl attempt to overcome this 
diflRcuJty, meafis of a barrier of fine coke, which cause.? the 
gas to take » more cir(?uitous route. The .scrubber shown 
in Fig. 129 is a more rational design, because the gas*enters 
at^ th€ bottom and passes upwfirds through the packing, 

meeting first the large size packing, then the finer mafefial, 

• • 
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and finally the very fine layer. The gas tends to spread 
through the entire packing, because the resistance is uniform. 
• Kaltenbach recommipnds an arrangement of the type shown 
'ni Fig. 130. Fronj the recuperator the gases are conveyed 
into a set of lead tubes, cooked externa.ly by air, or preferably 
by a stream of water. ^ The degree of cooling is regula^d 
so that the strength of the condensed acid is su^h that it 
can be utilised on the recuperator. The first coke scrubber 
which follows this cooler is of smajl-dimcnsions, and is flesigned 
to act, not as the big coke scrubbers to cool the gases at the 



same time as condense them, but solely to precipitate the 
_ jiq viid droplets by .shock on the rough surfaces."’ The gases 
now pass into the .section of the apparatus designed more 
especially for their purification by the condensation of the 
remaining sulphuric acid vapours, so that they can Se dK= 
charged safely into the atmosphere. It consists of a second 
set of lead cooling tubes, which are regulated to reduce the 
temperature of the gases just to that point at which the 
acidity of the fumes is below the limit at which they car 
be emitted into the atmosphere. A second coke scrubbei 
serves to precipitate the drofets of acid thus condensed 
K.alteTffei'^h claims that a scrubber of the above design u 
just as effecidvc as the electrical prcvmitator for the condensa 
tion of the fumes from a Gaillard t' mcentrating plant, anc 
is much less costly. •• 
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rec( 5 verv ok sulfiiuriI acid from waste acids 

Recoveftr of Waste Acid ft’om Petroleum Refineries. 

The follownig process serves for Ihc concentration of acid 
recovered from the “4icid tar” or “sludge acid of petroleum 
refineries, i'his acid^tar is first diluted with water, whereupon 
most of the tar is separated and skimmed off (U.S. 1 \ of^'alf s, 
97182 of 1867). The acid liquor is now concentrated in leaden 
pjns, firsi by bottom heat and then by top licat, up to a 
strength cpf I58''l'w. The last concentration takes place 
in cast-iron pans with ieaden hoods, 'fhe pans, two of which 
work togethft* terrace-wise, are 2 ft. by 4 ft. wide and 6 in. 
^deep; they have a rim sifaped for a hydraulic lute, lineef 
with lead, into Vhich dips a double-walled, roof-shaped, Feaden 
ho^d7^!Trough which water is kept running, on the jirinciple 
of Faure and Kessler’s stills (sec p. 90). All the joints are 
made with asbestos cement. The principle of this apparatus 
is shown in sketch. Fig. 13 1. 

The Chemische Fabrik G. ^ ( 13 . P. 9614 of 1885) dilute 
the acid tar with an equal volume of water and allow to settle. 
The lower layer containing acid is separated from the 
impurities by washing withyferbolic acid, or similai^n^dies^ 
and can then be employed^or decomposing sodium phenatc, 
etc. The acid is convert|^^eferably, into amrrfcnium sulphate 
by neutralising with an^onia. , ^ ^ 

Ostrejko‘^ (B. P. 18B40 of 1908) describes the recovery of 
sulphuric from acid-tar by the well-known process •of 

diluting 57® Twi^ separating tjie tar, and concentrating 142'’ Tw. 

In order to complete the separation, the acid is again dHuted i 

with chtimber acid or watei^ and boMcd down. 7 'he removal of 

♦ # 

* /. Sac , Chem . Ind ^, 1886, •p. 160. * Chem , Zeit . 1902, p. 360. 

*89 * • T 
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the {ar is promoted* by adding a certa/n clescription of carbon 
invented by the author of that cotpmunication ; i per cent, of 
this is said to convertf'Ae acid into 9 colourless product. 

U. Wedge ^ dc-^cribes the usual process of Svorking up 
the “sludge acid” from tlm petroleum refineries. As it comes 
' from these it contains' about 45 per cent of oil. Mo.s 4 01 
this is separated by diluting the a:id to 63"Tw. ;'it is called 
‘‘ acid oil,” and is utilised ms fuel,. The weak acid separatee 
from it still contains 12 per^dh*nt, oil. It is hes^ted in i 
shallow, hooded lead pan, by means of a light steam-coil tc 
iio°C., in which proce.s.s a very slight quantity^ of sulphu^ 
dioxide is formed. The acid now enters a series of thre^ 
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shallow lead pans, 6 ft. by 45 ft., 12 in. deep, covered wit 
brick arches, where it is treated with surlace-fire (“ wcak-aci 
pans”). Here it gets up to 122'' Tw, and a temperature ( 
166° C., with some lo.ss of SO.^ and SO.^ (the gases showc 
1-24 gr. SO^ and 0*92 gr. SO;j per cubic foot). Now tl 
acid enters a scries of two lc^S^ pans of the same size as tl 
'abov^/^a\id at last two iron pans* ^3 ft. by 7 ft., 9 in. deep. Tl 
lead pans hire also housed hi bricky qnd heated by surface-fit 
From thc.se (‘strong-acid pans'-’) \j|ic acid i.ssucs with 
temperature jaf 239" C. and .show's i6(\'Tw., equal to 92^ p 
cent, acidity. The gases from these' pans showed 287 | 
SO2 and 4-9 gr. SO3 per cubit foot. There • was ,a tot 
loss of 25 per cent, of the acid— 9! per cent. ‘of which occu 
in concentrating from 126 to 166° Tw. — 86 per cent, beii 
caused by the action of' the oil on the sulphuric acid iormii 
* /. S(?c, Cham. Ind.^ 1899, p. 345. 
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sulphur dioxide/ which cannoi be removed in consequer^e of 
the heating by ttu*;face-/irii^. Calculation shows that I lb. of, 
the hydrocarbon dissolvjed ip, the oil •will destroy 20-88 Ib^ 
acid of 92 J per cent. ^ • 

Waring and Brackci?bridgc (U^. V. 643578 of 1900) purify 
sludge acid by heating with about 4 per cent, sodiiiin nitrate 
at a temperature of 15 to*82’C. ; i [)er cent. NaNOy suffices 
for removing offensive odour.;. ^ 

Fricdkind and Ljubobar.?k^ (Ru.s. 1\ 6631) dilute the acid 
tar, .skim off the tar, allow, to .settle, and submit the clear 
^liquid, bro’'>ght to 106 Tw., to the electric current, which 
oxidises the carbonaceous matter to CO.,. 

Fleischer (Ger. P. 182246 of 1906) puts the acid-tar in 
porous earthenware ves.sels, which are placed in water ; pure 
sulphuric acid diffuses through the earthenware into th/ 
water, and the tarry substances accumulate insid# flic 
vc.ssel, uo to a maximum. The water outside is ultimately 
epnvertea into acid of about 1-52 sp. gr. 

Blachef and Sztenccl (U.S. P. 956276) obtain pure acid 
from the sludge acids' of petroleum refineries by running it 
into boiling concentrated .sijjphuric acid, blowing air throuifh 
this and condensing the e.scaping vapours (//. p. 293, the 
report of Wispek on the patents of the Stcaua Romana 
Pet role iffii Co,). 

StolzenwakP (Ger. P.s. 212000 and 213589; Austr. P. 
42408) introduces the wa.stc acids, of whatever origin, in the 
crude state, or diluted with jvater, or preheated, at the bottom 
of upright, annular boiling pipes, provided at the top with 
outlets for ga.scs, and for the cmiccntratcd acicj, and arranged 
in such a manner that the J^peraturc gradually increa.ses 
from the bottom upwai Is. yni the lower, cooler the 

pipe the oily matters arc^^xiratcrl by the effect, oT concentra- 
tion ; in the hotter, unper* part \){ the j^pe ‘the resins and 
tars and a little of thcfsulphuric acid are.decompo.sed. The 
final products are oilsf sulphuric acid, SO.^, and carbon. Jhe 
latter i^ carifed along by the acid, and is separated from this 
by .subsidence efr filtration.* JThe gasified oils and SOg escaping 
at the top are Separated by cooling, and the SOg can be w*orked 
foF sulphuric acid. Before*pa.ssing %*e waste acid through.tbis 
* Cf. also^is stafejnents in Chem. Zeit,^ 1908, ".p, 1017. 
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appa,ratus, it may, after treating it with water and preheating, 
be treated in such a manner that tl)e escaping ^oils are recovered 
^by cooling, while thJ resins fat;d teyfs arc separated on the 
surface of the acid As a solicj pastq, leaving behind a sulphuric 
acid of about 106" Tw. 

Uonatii* describes the very well-known plan of utilx^ing 
waste sulphuric acid (from petroleiAn refining, etc.) by heating 
to about 300'' with nitro^noiis <>ubstances, such as leather,* * 
hair, etc. ; by extracting the p/o(fuct with water, ammonium 
sulphate is obtained, and the residue may be utilised for 
decolorising purposes, or for producing potassium fcrrocyanide. 

Wispek '^ discusses the utilisation of the waste^ acids from 
the refining of petroleum. Two classes of such “acid-tars” . 
must be distviguished, viz., those produced in th.e refining of 
petroleum-naphtha (“benzin”*) and ligVting oil, and those 
frftmcthe refining of lubricating oils. In refining benzin or 
petroleum, about 10 per cent, of the sulphuric^ acid is 
decomposed, and 90 per cent, remains behind, mixed with 
so much organic substance that for each 100 parts of fresh 
acid of 168'' Tw. used in the refining process, 125 to 130 
^ pyrts waste acid of 106 to I20'’d^w. are formed.' By diluting 
this with water to about 64‘'Tw., most of the organic substance^ 
(say 20 to 25 per cent, of the waste acid) is separated in 
the form of a black repugnantly-smelling tar, sp. gr. about 
o cjoo, boiling principally between 100 and 200', and containing 
about one-third neutral oils and two-thirds compounds of an 
acid nature. The whole of the sijlphuric acid collects at the 
bottom in the form of brown, clear, dilute acid, which mu.st 
be concentrated. In the wa.^e acid from refining lubricating 
oils, the proportion of sulphiikc acid is about 80 per cent. ; 
ft is in the warm state a\hick liquid, from which the 

resinous nfZitters are not easily ^parated. This acid-tar is 
partly freed frcTm .s,ulphuric acid by fixating in large cast-iron 
pans by means of direct steam, sometymes also by a coal-fire 
from below, so that part of the sulphur 'c acid is driven out ; 
the tarry mgitter remaining behind is burned “'under the qil-pfins. 
The recovery of pure sulphuric aefd of 168“ Tw. from these 
acid-t'^rs has not been until recently successfully accom|)lished, 
in §pite of many attenfpffe ; the 'acid obtained was 'always 
» Chem. Zeit., IQ04, P- n 53 - * ^ Petrol. Jun^ 1911, pp. 1045-48. 
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black, and always regained injurious organic compoiuids. 
According to the^ptocess of J^ilat, Bolland, and Selcer (Austr. P. 
31595 of 1907), or Julius 4 ^'Ieischt;r (Ge * 182246, supra^ p. 291)^ 

it is indeed possible to‘ obtain a v^ater-wkitc, dilute sulphuric 
acid, free from tar, by siybmitting tTie *acid-tar to diffusion with 
water through a porous diaphragm. -'Ihit that white, dilute 
acid contains all the orj^anic and sulpho-acids, which, on 
concentration, decompose «ilid agaifi stain the acid black. No 
more suc(?essful, according to* '^.’ispek, seems to be the process 
of Stolzcinvald (su/fni, p. 291), 

Pfeifer *, Mid Fleischer (.Austr. P. 43739 of 1910) treat the 
acid-tar with silico-compounds ; but the yellow acid obtained 
thus turns black on concentration, d'he same action takes 
place w'heii the acid i.^ filtercnl through bone-chaucoal, or when 
it is heated with ni4n*ic acid ; and, moreover, their proccs.ses 
arc too costly. The widest application has been secured 
the process of Hartmann and lienker (continuous concentration 
in lead pans up to 142' 'Pw., and then in ca.scadcs of porcelain 
dishes to 1O8'' 'Pw.), siipra^ p. 104 , but this proceeding, according 
to Wispek, is very troublesome; tliere is much SOo given ofT, 
and .so much carbonaceous and asphalt-like substance is secret^:! 
that the overflows are .stopped u|), aufl have to be con.^lantly 
made ^ free by perforating these crusts, and the concentrated 
acid is at.so black. But by the jirocess of the Steaua Romana 
Petroleum Co, (Austr. P. 4.2293 of 1910; Ger. P.s. 221615 
and 224566; patented in the U.S. America by Blacher and 
Sztencel, cf. p. 292), 75 to per cent, of the su’phuric acid 
originally employed is recovered in the form of pure white 
acid of 97 to 98 per cent, d'h^ .said Company at Campina 
(Rumania) work up 150 ci.^^'rns of crude petroleum at 
10 tons each, and prooucc^tieir own sulphuric amV ^timing 
acid by the Pcntelew conV^ct process, which yields* every day 
more than a truck-load^f acid-tat. In 1997 t^ey introduced 
the new proce.s.s, consi/ing in heating strong pure sulphuric 
acid in a retort to boifing, and continuously running in black 
acic?, eitlier a.f such, or as it is obtained from acid-tar Jiy dilution, 
at the same tiftie passing*^ Hirough the acid a current of air. 
The sujDply of !)lack acid is regulated in such manner that the 
teiYIperature in the retort ah^ays remains constant. The vap^u/s 
formed are coolecj in receivers, and yield pure sulphuric acid, 
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whic^, in case of need, can te subsequontfy concentrated. The 
process goes on continuously, and only for^tl^e first start fresh 
pure acid is required, f ifi* actual ^pracjjce lOO vols. of the liquid 
acid-tar from refiiiRng benzene and petroleum is mixed with 
50 vols. water in a mechaniail agitator,^ producing 20 to 25 vols, 
of oily matter and 125* to 130 vols. dilute sulphuric acid ^ to 
77 ''Tw. The bils are washed with water two or fhrec times, 
and then used as fuel for d^.stilling, and concentrating the dilute 
pure acid ; the acid washings lyc? employed for diluting fresh 
waste acid. The dilute brown acid, .separated from the oils, 
is first boiled down in lead pans to 142” Tw. by mcitins of waste 
fire-gases, and then run into a retort, the bottom of which 
consi.sts of a cast-iron dish ; the upper part being constructed . 
of acid-resisting firejiroof stones, prefcrjfbly volvir lava. The 
retorts have a capacity up to ^5 cub. mctr^iS. They arc charged 
vV<th«()ure concentrated sulphuric acid, which is heated above 
300" (that temperature is required for completely decomposing 
the organic matter); a current of air is passed through by 
means of a pipe dipping into the acid. Pure acid ‘of 142° Tw. 
distils over; the air going away con tabis much CO.^, but only 
traces of .SO.^. Care must be ti^ken to keep tlfe ejuantity of 
the dirty acid in feeding the retort equal to that of the distilling^ 
acid, so that the state of concentration within the retor t rema ins 
always the same. The concentration of the acid distirTing over 
takes place in a similar retort up to 97 to 98 per cent. ; the 
acid of 77*' Tw, over here is evaporated together with the 
142° Tw. The 20 to 25 per cent, oily matter, produced as 
stated above, is sufficient for yielding the heat for all the 
distilling and concentrating mierations. ddie process goes on 
day and night. Idie workingA^j of a truck-load of waste acid 
]3cr dis^rcquires three men at and two men at night, with 
a foreman* vyho mu.st be an expc^Lin lead-burning. Such a 
plant has beeif continuously at worlVat Campina since 1908, 
and other tvv) plants, for a^ truck-loacV per diem each, will be 
started in Galicia. This process of Me.sXrs Blacher and Sztencel 
must be acknowledged to have completely ‘solved \he*diffk:ult 
task of dealing with that troublcsom‘e waste prcHuct. 

E. B. Gray (U.S. P. 1005425) concentrates w6ak acid derived 
from petroleum sludge by h .series (Sf intercommunicating open 
pans, followed, by a .seric,s of .stills, also intercommunicating. 



WASTE j^CID FROM PETROtEU^I REFINERIES 296 

sach provided with a water-jacketed head*and condenser. The 
itills and pans ai^ all placed in the same level on the furnace, 
he liquid from the last pan disj:hargiifh|into the first still. ‘ 

Gellen (U.S. P. 106202J) runs the wii«te acid from refining 
)ils continuously into a dccomposltij^- vessel, placed in an outer 
^csrcl heated by a steam-coil. The decomposing^ licpiid is also' 
un into tne inner vessel ;*the mixture formed there rUns into 
he outer vessel, and from this into«a settlin^^-chamber [provided 
vith a iJieatin<{-coil, from tvbHi the recovered acid and the 
lydrocarbon oils run off continuously at different hei^dits. 

Bralinld'h ‘ (B. P. 2695 of 1913; Ger. P. 267S73) runs the 
icid-tar slowly into fused anhydrous alkaline hydrosulphatc, 
preferably kejit in motion, at a temperature above the Ipofling- 
point of sulohuric acivl, in the same proportion as the pure acid 
listils off The presence of a. catalyser, cupric sulphate, 
ncreases the action. Dilute acid may be treated direjdlyiMpy 
:his process. 

Kroupa (Austr. P. 67116) re<;cneratcs acid from acid-tar 
py running this in a finely divided .state over heated fireproof 
ind acid-proof materials, with admixture of air. 

Coster v.in Voorhut " (B. If 12363 of 1915 ; Ger. P. 292^28) 
places waste acid from petroleum factories, after dilution with 
vatcr to about ii5‘’Tw., in a lead-lined, .steam-jacketed auto- 
:!ave, iflul forces in carbon dioxide until the jpre.ssure reaches 
7 atm. Steam is then pas.sed through the jacket until the 
pressure within the autoclave has ri.sen to 10 atm. The heating 
s maintained for two hours, when the acid will have separated 
from the tar without any formation of SO^ or SO.j. The acid 
ind tar are then blown out of the autoclave .separately. 'Phe 
CO.2 is washed and u.scd over /gain. 

Biihler'^ (Ger. P. 28; ■;55\^xpo.scs the wa.ste acid to hot ga?»cs, 
free from oxygen, at a imperature of 273^ anoS upwards, by 
means of a rotating dri/ii capping into it. Th« coke residue left 
pn the drum is remov^ by a scraper and also recovered. 

Still * (Ger. P. 29;y75) treats me waste acid in the hot state, 
in wjiich^ ft is ^sufficiently thin, with high-pressure stCcftm or 

• ' • * 

. * J. Soc. Chem. Imi.^ 19 *3) 32 , 826. 

/. Soc. Chan. Jmf.y 1916, 36 , 528. 

' ’’ /. Soc. Chan. Ind. {Abstr.\ 1916, 36 , 176. 

* J. Soc^ Chem. Ind. (^Abstr.\ *916, 36 , 829. 

• • 



296 SULPHURIC AQID fiECOVERED FfiOM^WASTE ACIDS* 

with a blasting jet, pjoduced^y heated feigh-pressure gas. The 
sludge acid thus treated at once seoar^tes JpyD pure sulphuric 
‘acid and a granular reiiSue, whilst the volatile substances 
frscape together witfe the steam or gc^. • 

The Sprengstoff A. G.^Carbonit^ ^(B. P. 11854 of 1913) 

« av^oids the separation af solid substances in heating acid*tar, 
which obstruct !he condensing-pipes, by passing the* gases and 
vapours over a surhice of water oj- dilute nitric acid, whereby 
the organic substances arc solidified' and deposited at the bottom 
of the water-vessel, whilst the water is gradually saturated* 
with nitric acid. ^ * 

C. L. Robinson (U.S. P. 1014520, assigned to the Standard 
Oil Cot} heats the acid sludge in a still to above 500'’ F. (260° C.), 
whereby it is decomposed and a mixture of^SOo and hydrocarbon 
vapours is given off. This i^ passed through a condenser, 
where ^thc less volatile hydrocarbons arc separated, and the 
gaseous portion is then passed through a sulphur burner and 
forward to a sulphuric acid plant. ‘ , 

Van Ticnen'' (B. P. 23368 of 1910) adds water And heats 
the mixture to 140 to 165^* under pressur^of 7 atm,, for a quarter 
to Jwo hours, according to the nature of the tar. •fhe product 
separates into three layers, consisting of oil, and tarry 

residues, which can be separated readily. The" water added 
must be .sufficient to dilute the remaining acid to a Hen^ty 
of not more than 112 to ii3°Tw. 

Hausman ^ states that the acids recovered in the refining 
of mineral oil contain about 2 per cent of sulphonic acids. 

Blowski^ (U.S. P. 1186373 of 1916) dilutes with water, to 
separate out the tarry matter, and di.stils rapidly to minimise 
reduction of the' sulphuric acid organic matter. 

-Slater ^^iU.S. P. 1263950 of 23i\^pril 1918) concentrates the 
sludge acid fix:)m mineral oil r6fining\^diluting the sludge with 
weak acid, scpaiatinp off, and caiVeiiV it to flow against a 
counter-current^ of heated air which has\een blown through a 
body of previously concentratAi acid, in o\der to concentrate it 

* J. Soc, Cheht Ind. {Abstr,\ 1913, 82 , 11301 ,, 

^ /. Soc. Chem, Ind.^ 1911, 80 , 409. , 

* Petrol Rev., 1911, 62 , 301 ; /. Soc. Chem. bid. {Abstr.\ 1911, 80,^149. 

* J.Soc. Chem. Ind. {Abstr.\\()i(), 86, 839.*' ’ * 

^ J. Soc. Chem. Ind. (Abs/r.), 1918, p. 363. 
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further and to oxidise; impurities thereia. The air is finally 
scrubbed with ^^^ter to furnish the dilute acid for the initial 
treatment of the sludge. , , * • 

Grayson^ (B. F. 132^7 of 3i.st Octobei 1918) heats the acifl 
recovered from the refilling of hydi^cjlrbon oils, with 5 to 10 per 
cen*. pitch from coal-tar or producer gac at 170 to 240 M'. 

Turner and Davidson - •(B. P. 131512 of ist November 1918) 
describe a similar process. • 

About 90 per cent, of tifc^snlphur in the waste acids from 
lubricating oil refining may be recovered in the form of sulphur 
'dioxide, b)v heating the waste acid; a lower temperature is 
required for the decomposition, less pitch is formed, and the 
sulphur di(jxidc contains less sulphur trioxide when tli^i \^faste 
acid from the lubricating oil refining is mixed before heating, 
with wa.ste from pet^'oleum (bupiing) oil refining/^ 

Purity of Acid recovered Irom Tar-Sludge 

• Schult;/. ^ describes a refining test for ascertaining the 
suitability of a samjile of sulphuric acid for refining crude 
petroleum, ,An addition of i c.c of the acid is ma<lc t<,) 100 g. 
of wcll-rcfincd petroleum oil in a 150 c.c. flask, which is tlfen# 
closed and shaken vigorously for fifteen minutes. ^ After 
for an hour, the oil is decanted into another flask, 
shaken with about 2 g. of dry calcium hydroxide, and filtered, 
and the filtrate compared colorimetrically with the same oil 
before treatment. The difference in colour may be expres.scd 
numerically, by matching it with 98 to 99 c.c. of water, into 
which a 01 per cent, solution of p()ta.ssium chromate is 
introduced rlrop by drop, h'roiy 0 3 to 2-5 c.c. (equal to 0 0003 
to 0-0025 per cent. ' are rccjuired usually. Of tjie 

usual impurities in commercial sulphuric acid, nitrogen oxides, 
and selcnious acid hav<^a^tron^ discolouring vnTluence upon 
petroleum oil ; but no .^h effect could be ob.scrvcd with .sodium 
sulphate, ammonium .^Iphate, leail sulphate, arsenic pentoxidc, 
(o-l per cegt^ and Jiycnochloric acid ; whilst the influence of ferric 

‘ J. Soc. Cheni^lnd. {Abstr,% ^19, p. 817. 

® J, Soc, ChetK. Ind. {Abstr\ 1919, p. 764. ^ 

3 K^lbe, Petrol. Rev.., 1919, 14 , 837-8 J/ ; Chem. Zentr., 1919 ; [I V|, 90 , 
19!^ ; J- Soc. Ch'em. Imi. (Abstr.]^ 1920, p. 43}?. , ^ 

* Chem. Rev. Fet^-Ind.., 1^13, 20, S2-84 ; J. Soc. Chew. Ind.., 1913, p. 409. 
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sulphate was doubtf¥l. The discoloration* caused by nitrogen 
oxides is due to partial nitration ^ whfilst fh^ selenious oxide 

* effects oxidation. Conmtercial ^ujphuric acid, which had caused 
discoloration in the refinery, was foun^l to contain from 0 02 to 
004 per cent, of oxide?? tff nitrogen.^ In the case of acid 

: co'ntaining' selenium, tha yellow discoloration of the petroleum 
oil increases witfi the quantity of acid used for the refining, but 
when an acid contains only* slight /.races of oxides of nitrogen, 
the colour of the petroleum oil be improved by increasing 
the proportion of acid, or by using acid of higher concentration.* 

Selenium is determined by stirring 10 g. of tUe acid with^ 
90 c.c. of water, and filtering the separated lead sujphate from 
the I'ow-^ed mixture. The filtrate is then treated with 10 c.c. of 
strong hydrochloric acid and 6 g. of sodiuni sulphate, and heated 
for a few hours on a water- batl]. The sclc^iium, which separates 
qM-iitj/alively as a red precipitate, is collected in a Gooch 
crucible, washed with water, and dried at 105 C. and weighed. 

Nitrous acid is detected best by Ilosva)^s reagent, which is 
prepared by dissolving 01 g. of a-naphthylamine in*[CX) c.c. of 
boiling water; adding 5 c.c, of glacial acl^tic acid and a .solution 
of^l g. of sulphanilic acid in 100 c.c. of water, together with a 
little zinc dust, shaking the mixture, and filtering it rapidly 
into a flask, which is kept well clo.scd. 

For colorimetric determinations, 2 g. of sodiuni* nTTfke 
(about 90 per cent. NaNO.^) are di.ssolvcd in 100 c.c. of water, 
and I c.c, of the solution added to 99 g. of pure sulphuric acid. 
The acid will contain then o-oi per cent, of N.20;j, and will keep 
unchanged for a long time. 'Fhc comparison is made by 
adding 5 g. of .solid .sodium acetate to each of two portions of 
40 c.c, of water, 'then i c.c. of thV reagent, and i c.c. of the acid 
ufAler ex^piination to the fir.st fl\sk, and i c.c. of the standard 
acid to the ^iccond fla.sk. The contents mu.st be kept at the 
same temperature, and the coloura\ioi\s compared after thirty 
minutes. ^ ^ \ 

4. Description of a Sludge-Acid Recovery f Itint. ^ 

Hechenbleikner and the Ckc'mical Coft.struction Co., 

* CharloUe, N.C.^ (U.S. P.s. 1 195075, 1264509, and 1264182),* 
describe an apparatus for’tlfe purpose of concentrating ^lud^e 

' Soc. Chem, Ind. {Abstr.\ p. ^414. 
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acid to at least *168" Tjv., and at Ae sam« time separating the 
sludge from the acid,| This is accomplished in two stages. 
The first stage of concentration carried ^le acid to from i30°Tw^ 
to I45^T\»^ At this .^trcngt*h and at ^he proper regulated 
temperature, the princfj^al sludge ^ej^aration takes place. The 
second stage of concentration carries the acid to 168 Tw. 

Firct^tage . — The weak sludge acid, folloe^ing the dilution 
and separation of the origii^al product, is elevated to a distribut- 
ing tanl* located on the to[) finhe preheating tower. Connected 
to this preheating tower is a flue constructed so as to accommodate 
a bath of a^id. haltering this flue arc numerous acid-proof pipes 
that extend several inches beknv the surface of the acid. Hot 
air is furnished through a main header and is distributcil^hfough 
branch headers to die acid-proof iron pipes. ^The hot air is 
from 600 to 650", ai^l is maintained at suriicicnt pressure only 
to allow it to ooze through the acid at a pressure of about 2#‘in. 
of water. The air entering this acid bubbles through it and^ 
/Irivcs ()ff the water, leaving the stronger acid together with the 
sludge, bbth of which arc drained off continuously, In the pre- 
heating tower this slfulge acid is preheated by the exit gases 
in order to' utilise as much of the heat as possible. The guises 
leave this tower at a low temperature. In some cases a 
scrubbing to\('er is erected for the purpose of removing any 
organa? compound. This is often unnecc.ssary, and dcjicnds 
somewhat on the local conditions and the nature of the sludge. 
The partly concentrated acid, together with .some sliulge, is 
gradually drawn off through an outlet into coolers. From the 
coolers it enters large tallies provided for intermediate storage 
in which the principal separation of the sludge from the acid 
takes j)lacc. The sludge is raked off into l efu.sc carts or troughs 
as needed. No sulph ric aeid at all is lost, and jajme ofHhc 
hydrocarbons are driven off. Ample tank room is [)rovidcd, as 
each day’s run is allo;ve(f to shand a day o^ Iwo in order to 
accomplish full separation. 

At the foot of ^ the prche.aling tower a flue, as above 
mentioned^ is pVovided with clean-out openings, in ordbr to 
clean out an/ sludge llfati settles and docs not come out with 
the acid. A* steam or air jet is provided at the exh.-flue in. 
<Drdi?r to create suction when •the clean-out openings are 
uncovered. During the natural process of concentration* only 
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natural draught is provided. As above ijneiitioned, weak sludge 
acid is fed in this apparatus through 5, distributing tank, and 
‘is concentrated in this stage to from 130" Tw. to Tw. 
'fhe strength of conoentration depend^ somewhat dn the tvpe 
and nature of the sludge, ^as the sejiaration takes place at 
^slightly various strengths, according to the kind of sludge 
used. *■ *' ■ 

Second Stage . — The second stage apparatus is similar to 
the first. After the acid has been ^flowed to stand in sqmrating 
tanks a long enough period to accomplish .satisfactory separation,* 
it is drawn off and elevated to a distributing tanl*locatcd on 
the top of a preheating tower. To this preheating tower is 
also tow.acctcd a flue, which is .so constructed as to accommodate 
a bath of acid.^ d'he acid as it enters thef prchcatiiyg tower is 
from 130 "Tw. to 145'’ Tw. F^irther anck, final concentration 
talMs l>lacc in this unit, which is almo.st identical to the first 
“dotage unit. Ordinarily the acid is concentrated to i68‘'Tw. 
but as high as 95 per cent, has been accomplished. The gases* 
leave the preheating tower at about 70" C., and of course carry 
sulphuric acid furne.s. For this reason* a .scrubliing tower is 
provided for the purpose of rcclaimiiig the acid froiti the fumes. 
Yhe gases leave the preheating tower at the top and enter the 
scrubbing tower at the bottom. The scrubbing tower is packed 
with .spiral rings to provide intensified mixing and scrfibbing; 
The ga.ses leave the tower free from sulphuric acid contents, 
and enter the atmosphere through an exit stack. Clean-out 
openings are [)rovided al.so in this unit, as in the fir.st stage 
unit, together with coolers and strong acid intermediate 
storage. 

General. — The c'on.struction of this apparatus consists 
principally ^f lead-lined wooden tmiks and acid-proof masonry 
flues and pro^ieating towers,* together with lead scrubbing 
towers, lead-lincdfdistributing tank.s,*#ctc. The first stage and 
second stage umts ar(^* very similar in construction and consist 
principally of a brick-lined leaci basin, elc^'ated off the ground 
on cbncretc foundations. At one end of this basin aj3rick 
tower of sufficient size and height is provided fSr preheating, 

, and, comiected to this tower, covering the balance* of the basin, 
is a brick flue, through whith the acid-proof hol-air supply 
pipes ‘enter. A mole provisions are made for cleaning and 
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regulating the apparati^ during operatioiu Hot air is provided, 
preferably by the^ contbustion of oil, which takes place in a 
specially designed combustion furnaiei under pressure. This 
fun)acc is Ted w ith aii^ aiul fuel oil siyi'icient for coinplel^ 
combustion, and also Vitl* sufFiciVnt surplus air for heating 
purposes. • 

With the abovc-meiitRincd process, hot gfises on entering 
the liquid below the luiuid level,# give a sudden cooling, and 
in suclua manner as to^revent dissociation taking place. 
•The concentration takes plac'^ below the boiling-point of the 
acid. This, plant is .so constructed as to provide continuous 
operation. The fuel consumjition is very economical, as 
practically the entire quantity of heat units arc usei^iiiP the 
evaporation of the water. Very little .settlement takes place 
in the concentrating line, as the majority takes place in the 
settling tanks provided for the .separation. Strong aci(^ in4^^r- 
mediate storage, together wdth all tank.s, coolers, distributing 
tanks, pans, etc., arc constructed in such a manner as to provide 
for the .Settling of any sludge, and quick cleaning during 
operation. ^ 

Hechcnbkiikncr and Gilchrist and the Chemical Construction 
Co., of Charlotte, MC.^ (U^S. W 1310078 of 15th July 19T9), 
describe a furrface for the fractional distillation of slu(fge acid 
ii?**a c<5ntinuous procc.s.s. The iurnace ccjiisists of an outer 
casing of acid-resisting ma.sonry, provided with a grate and 
an ashpit. Through the top of this casing a cylinder of acid 
and heat-resisting material projects into the body of the 
furnace, dividing the latte? into two zones, each of which has 
a separate gas outlet. The top of this cylinder is closed with 
a bell hopper, through which coal may lx> fed’as required, and 
is provided with a nrmber .of drip-pipes for intrc^ucing 4 -he 
sludge acid. When coal is supplfed to the furna(i(.j m sufficient 
quantity to maintain thp uj^J^cr Idvel of the fu(^ bed within the 
cylinder, as shown in the illu.stration (Fig. 1 3^^), a hi^h-temperature 
zone is obtained in tb3 lower fuel*bed, and a lower temperature 
zone ^ith* cylinder. The aqueous and tarry constitifents 
oi' the sludge* acid distfl .ofr during the passage of the acid 
through the loV-temperature zone, and pass to the tar condenser. 
The Sulphuric acid vapours liberifted in the high-temperature 
^ and Me/. Eng.y ijth August 1919 p. 21 1. 
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zone are collected lih a separate condqnser. •Each condenser 
is provided with an exhaust fan fori the. removal of waste 
•gases. ^ ‘ ‘ ^ 


Baskcrvillc ^ describes the utiHsati<)n of asphaltfc base acid 
sludge obtained in the fcfftiing o^* petroleum and shale oils. 

'•Ihe acid sludge is heated by means of live steam, with con- 
centrated sulphuric acid to .separate any refinable o'll retained 
by the pasty mass. Threes layers^ form. The oil separating 


out on top of the mixture is drawn ‘off, and the excess tulphuric 
acid accumulates at the bottomf The middle portion, which' 



FURNACE FOR CONTINUOUS DJSTIi^LATION OF 
SLUDGE ACID 

Fig. 132. 


has not been heated high enough and long enough in contact 
with the strong sulphuric acid to become carbonised and have 
its asphaltic nature destroyed (as ii usually done), is a pasty 
mass, quite liquid, at the temperature attained, and contains 
15 to 25 per ccnt.v of sulphuric acid. It is drawn off and 
washed once with water, and the asphaltic mass is run at once 
into a suitRblp mill and thoroughly mixed with a slight excess of 
lime (U.S. P. r234985 of July ,^9i7)*V The whole mass exhibits 
the properties assoefated with asphalt, Inodified, of course, by 
the calcium salt present, ft becomes, fluid when heated 
sufficiently, and may be applied to metaf, masonr>^ Vood, etc. 
The asphaltic' or bitumenic materiaj present maj/ be extracted 
, readily .by solvents generally used for dissolving th( 5 se substances. 

Chenu, ig2(f; pi 30 ; Soc. Chem. In(^. {Abstr)'!; \g2\j, 

p. I?2.* , r 
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The VitreosU Plhnti for the BiecoverY of Sludge Aold. 

“ Vitrcosil ” lave been a(|o])tcd for the recovery of 

sludge acid from mineral oi[ ^efinin^ ji but the slicipc of the* 
basins has been m(Kli{ied*1.o^countcract theitendcncy to frothing 
of the acid, as shown in Fig. 133. ^ * 

The sludge is diluted in lead tanlcs to about 64 Tw., and ^ 
then heated b)^ means of lead steam coils l!tted in.side the 
tanks, until the acid has bee^ evapofated 
to about^ //" I'w. At this point a con- 
siderable amount of the tar separates 
out, and is ri:immed off 'I'lie remaining 
acid is then run into underheat lead 
pans, and concentrated to 138'' Tw. 

Tar contin.ues to .Separate in thc.se 
pans, and is skimn^d off as jt ri.se.s. 

The acid is now of a dark colour, but is free from A:n‘. It 
is run directly into the “vitreosiF’ basin plant, and is conV 
centrated to i68‘’Tw. b'or the recovery of 5 tons of 168 Tw. 
acid per day of twenty-four hours, two steaming |)ans arc 
required, each 5 It. bj' 5 ft. by 3 ft. 6 in. 'I'lic-se pans are 
worked in sA'ics, .so that th^' process is conlinuou.s. 'riic (;#ns^ 
arc made of lo-lb. Jead, and arc fairly durable. 'I'he^ under- 
fired lead pan.s arc, made of 12-lb. and 14-lb. lead, the heaviest 
[fiin betng neare.st the furnace. For the amount of acid 
mentioned above, two pans are nece.ssary, each 8 ft. by 4 ft. 
by 9 in. Considerable fuel is saved by mounting the.se pans 
directly after the basin plant, and heating them with the wa.stc 
gases from the concentrator. 

Other patents for this object are; Zdaska (Ger. l\ appl. Z, 
8310); F. and F. M. Murphy (U.S. V: 1094861); Kutzer. 
(H. F. 27977 of 1913). ' ^ - 

Recovery of Waste f^om Benzol BJaUufacture. 

The recovery of waste acid from the ipanufacture of benzol 
has also been de.scrilj^^d. * 

0 Gaj5.sc!*^# (Ger • F. 272130) purifies the waste acid from* the 
manufacture (d benzol fty. forcing through it finely divided 
hot air. Foi* this purpose the air previously employed for • 
QDolifig the coke-oven bri<:kwork may be employed, after being 
finely divided. By this process the impurities collect* *into 
^ /. S<?c. C/Um. Ind. {Abstr,\ 1914, 88, 587. 
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lumps, and may be fscummfcd off from, the srjrface. The air 
is preferably first dried by quicklime'; the .calcium hydrate 
* formed can be employed for the recovery oi the by-products 
fii the manufacture ^)f ammonia. ^ , 

The Phcenix A. G., Gdsenkirchen'^ (Ger. Ps. 289162 and 
289524) mix the waste acid from the benzol manufacture *vith 
ammonia water^and with benzol wash-oil, tar-oil, or coal-tar, 
in order to obtain a concentrf.ted solution of ammonium sulphate 
and an acid-free tar product by one operation. Or -they add 
ammonia water, containing sorne chloride, to the mixture of* 
waste acid and tar-oil, and pass steam through the mixture. 
Owing to the reactions which occur, the temperature rises 
con^kUr^ably, and the benzene and its homologues and hydro- 
chloric acid arc distilled off and collected. 

Stephenson - (P. P. 152054 of 2nd May 1919) heats the acid 
sltklgc^oroduced in the purification of benzol in a wide shallow 
'XoJin, by steam introduced through a perforated lead pipe at 
the bottom of the pan. .7 

Brooke^ (B. P. 120951 of 18th November 1917) concentrates 
the waste acid liquors from the manufactufe of explosives, such as 
^ picric acid, etc., in a series of earthenware or vitrecf'us enamelled 
vessels, which arc heated by steam circulating through coils or the 
jacketed walls of the vessels, or both. The concentrated acid • 
overflows through a pipe into the next vessel or into a t^ough. ' 

British Dyes, Ltd., J. Turner, and H. Dean '^ (B. P. 127039) 
treat the acid liquors from the manufacture of explosives, such 
as picric acid, etc., with scrap iron or iron filings, until neutralisa- 
tion and reduction arc practically complete. 

Recovery of Waste Acids from the Manufacture 
•• of Explosives and Nitration Processes. 

{NitroceKulose, Nilroglyccrine, T.N.F., Picric Acid, etc.) 

The spent aCids Jrom the varidus nitration processes are 
subjected to a< denitration pi;9ccss (see Vol. VI.), which varies 
witl\,the nature of the material from the k manufacture of which 
they result, but consists essentially^ in the removal of t6e 
nitrogen acids leaving a sulphuric acid of suitalJ(e composition 
^ /. Soc. Chem. I nd. (Abstr.), 1916, 86, 422. 

J. Soc. Chem. Ind. {Abstr.J, 1920, p. 777. 

^ J.Aoc. Chem. Ind: {Abstr.)^ 1919, p. 92. 

* /. Soc. Chem. IndAAbstr.\ 1919, p. 555. 
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for concentration? In tkc case of 8cids frdm the manufacture 
of nitroglycerine ^agid T.N.J'., the sulphuric acid from the 
denitrators contains from 68,1^ 70 pet cent. II.^SO^, and is^ 
run direct t (5 the conce^t^atjng plant.^ • 

Hartmann^ concentrates waste a?id from nitrating_ processes 
up to 147° Tw. (sp. gr. 1732) in six lead pans. The acid, a^ 
a temperature of 145" or *150°, then passes tfiroiigh a small 
“preliminary” cast-iron pan^^rovidM with a leaden hood and 
a chimney for carrying away t^ic vapours, which contain very 
l/ttlg acid. Now 180'' hot, and of .sp. gr. * 79 ^» ‘t runs 

Into two casl^iron pans with ca.st-iron covers, one [)Iaccd higher 
than the other, and runs away at a .strength of 97 to 98 per cent. 
H2SO4. Each of the latter has its own fire, as well ^ the 
“preliminary,” pan, thd waste heat of all heating tjic lead pan.s. 
For the production of^i to 6 tons of strong acid in twenty-four 
hours, the preliminary pan weighs about 24 cvvt, thifc t)W> 
covered pans with appurtenances, about 7^ tons. The con- 
sumption of coal is 20 per cent. The small pan lasts three 
or four months ; the upper one of the large pans six to nine 
months ; the lower one*tvvelve months or more. 'J'hc castings 
should be rna?tc of hard rnetgl and without Haws, and the t\*o 
large pans must be entirely surrounded by the fire. • 

• Bcnkcr has'applied his porcelain apparatus also to the 
recovery ^)f waste acid.s. In the case of acid-tar from refining 
petroleum there is a lo.s.s of about 40 per cent. ; the acid is 
coloured black, owing to the formation of graphite, but 
furnishes water-white petrcjjeum. The recovered acids from 
nitroglycerine or nitrocellulo.se are yellowish, but perfectly 
fit for being used over again. 

The recovery of spent acid from the ma*jiufacturc of picric 
acid is carried out in two .stages: (l) the residutsJ, acid Is 
concentrated in a ca.scade plant to 127 to 135' TV^., and then 
allowed to cool, when the Jis.st)l\red picric^ acid .separates out 
and is removed ; (2) the remainijig sulphuric acid is then 
concentrated to the r^-juired strength for u.se in the nitratmn 
prdtess.# the preliminary concentration, the mos^ economical 
method is in Idid pans, w'lth an area of 20 to 25 .sq. ft. per 
ton of 130® Tw.* acid produced per twenty-four hours (as.stiming 
th^fe?d acid Is about 70° Tw., and that the pans are worked 
* Cietn. Zeit.^ 18^, p. 147. 




Fig. 
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continuously about 9 in. of acid in •the pans). The acid 
is cooled slightV,, and. then run in|o lead-lined or stoneware 
settling-tanks, to^lcposit the cr^^stals of ficric acid. The residual 
aci(J from •which the ^)i«ric acid has bc^n cr)'stalliscd out Ts 
then concentrated to the required Strength for ii.se again in the 
nitration process. • 

The w^aste acid from •the manufacture or T.N.'r.’ etc., is 
concentrated frequently in^i thre<f-stagc cascade plant, similar 
to that *ilcscribed on p. 135. An iron fini.shing-pan helps to 
•d^ompose completely the ni?ro bodies present in the waste 
acid, and i^irnishes a high-strength acid, which can be used 
over again in the nitration processe.s. 

In some plants, instead of denitration by means yjpsfcam 
in a deniy-ating cctlumn, the hot vapours from the iron 
finishing-pot are drj^vn througl] a recuperator tower fed with 
waste acids. In this way the denitration of the wa^e Ht'id 
is effected without murh dilution, and hot vapours from thj^ 
iron pot arc condensed partially in the feed acid for the cascade, 
This plan suffers from the disadvantage that it renders it 
impossible to control ®the working of the plant by means of 
the strcngtliS^f the distillate J’roin the iron pot (sec p. 135). ^ ^ 

The condensers /or cascade concentrators working jon this 
•cla.ss of waste* acids are jiacked with an open packing, and 
^<6rked*hot to [ircvcnt blockage from the decomposition of 
dinitro and trinitro bodies. h'arthenware towers, packed 
with rings, give .satisfactory results for this purpose, and a 
steam injector at the condemser inlc^t not only assists the 
draught but also helps to\ecp the condensers hot. 

In a private communication to the author, Messrs J. F. 
Carmichael & Co., Ltd., Tower Jkiilding, *Liverpof)l, give 
particulars of the ca.scatie plants erected for the c^ia'Utrah’on 
of waste sulphuric acid from mtrati(jn proces.scs at Messrs 
British Dyes, Ltd., Hiy^ldc^sfiekK « 

Figs. 134 and 135 .sTiow the g(;neral arpangeinent and detail 
of the plant, which consists of tiv'o batteries of five ca.scades 
eaich, ,,The* wasfe acid, after ^ .settlement, is delivered "into 
supply-tanks (Sn the grotmd floor, whence it is elevated to 
the large fce3-tanks on the upper platform. PTom •here it « 
flsw^by gravitation into^he thr(?b preheating lead pan.s, and 

thence into the main concentrating chamber, consisting of 

• • 
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twenty-four stepped* basinfc fitted with special deflectors 
(see p. 129). The concentrated acid i^ received into coolers 
' at the foot of the casca^6, from which it flowS into the strong- 
affcid storage-tanks, jiach ca.scacic pr/oduces 5 tonr of 95 ^per 
cent, sulphuric acid per tivxmty-four hofers, when fed with acid 
ofSo'^Tw. from the mamifacture of picric acid, or nitro, dinitro, 
tTinitro, benzencf, or toluene. • 

The fuel used at first was coal or coke in an ordinary fire 
grate, but the system has since been converted into gasi firing. 

The condensation of the acid vapours is crfccted in foyr^ 
stoneware scrubbers, 3 ft. diameter and 9 ft. high, yacked with ' 
acid-resisting earthenware rings. The acid vapours pass through 



the condensers in series ; and the first two condensers are 
lead-covered, on account of the heat. From the scrubbers, 
the gases pass through a final wash-scrubber, and then into 
the chimney flue. The dilute acid condensed in the scrubbers 
is collected and returned to the lead preheating pans. 

‘ According to information supplied privately to the author, the 
following results were obtained on a typical three-stage cascade 
plant, consisting!, of preheaters, ba.Hins,^and an iron rectifying 
pot, in series, with taf-firing wjorking on ^FN.T. waste acids. 

Preheaters . — The preheater consists of^pans, 35 in. by 35 in. 
by '9 in., built of 12-lb. lead, ^ with an acid depfeH of about 
6J in. Ten pans are connected m* series, and each pan is 
stiffened on three sides with iron, and has a b^oad overhang- 
ing lip communicating with^the nej4t lower vessel. Th8 tfso 
lowest pans are , placed on solid cast-iron seatings. The feed 
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Basir Lassef during a period 0 / 37 weeks. 

Unit B. , Unit C. 


Unit A. 


Basin No. 
22 




1 . 


• 

1 

I 

I 

1 • 

21 

I 

1 




• 



20 

! 






I 

19 




i -- 

• 




18 

1 

1 







17 

i 
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5 

I 
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2 ' 

!■ 

6 

2 

2 

I 

1 

1 

|l 

I 


I* 


I 



• 




( )|)cn tD-22) 


Solid and scmi-soIid 
st-alinjjs {4-9 


•I 


OjXJlii sealings {1-3) 


To rectifiers. 


T<f rectifiers. 
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acid (64 to 66 per cent. HjSOJ enters fhe ^plant from the 
denitrators at a temperatyre of 70 to; 90°,C, and leaves the 
'preheaters at a tcmperfthre of 159 to 160° 6. and a strength 
o\ 70 to 76 per ccn^ H2SO4. ‘I'lie Hfc of the upper pans is 
reduced by the presence ‘of nitrogen acids in the feed acid; 
‘but the lower pans receive the greatest wear and tear, .due 
to excessive heht. Cast-iron pans *were tried in t*he lowest 
positions, but were attackedi rapidly. 

Basins . — There are two parallel rows of twenty-two) double- 
lipped narki basins, of approximately 2-gall, capacity. Althoup;b -i 
unaffected chemically by the acid, they crack fro^quently," as ' 
shown in the table on page 3a> 

Slu^'j-e acid is deposited from position 12 downwards, and 
the basins are cleaned out at least V)nce in twenty-four 
hours. The acid leaves the Ipasins and, enters the rectifier 
at fi str^'pgth of 90 to 91 per cent. H.>SO,,. 

y Rectifiers . — The cast-iron rectifiers .are of standard design, 
and are worked with a depth of 6 in. of acid. The acid is 
heated to a temper.aturc of 280 to 300" C., and lefivcs at a 
strength of 93 to 94 per cent. H.2SO4. * 

♦The pans are sludged out at^ least twice p^ week, but 
holed frequently .at the sides and ends above the level of the 
sludge deposits. One pan was very thin at Vhe .acid level, ^ 
but, in other ca.ses, pitting had occurred below this l(5vel, due 
probably to lack of homogeneity in structure. 

The plant is fired with tar fuel (consisting of 60 per cent, 
pitch and 40 per cent, creosote oil) in a wrought-iron burner (tar 
aperture ,\y to .f. in., surroundeef' by a steam jet) ; and a 
temperature of 1100 to 1200'' C. is obtained in the combustion 
chamber. The average weekly output per unit is about 50 
toils of 94;.^cr cent. with ‘.a fuel consumption of o-i6 to 

0-2 ton of tAT per ton of concentrated acid. The output is 
lower with gas-fif ing, and .an .average! fue) figure is about 0-25 ton 
per ton of finished aejd, to which must be .added the steam used 
in the producer— say, 10 per cent., making 0-275 in all. 

The following figures on tl]c concentratidn of twastQ acids 
from the manufacture of T.N.T. aiKUnltrocellulosU are abstracted 
from th\i Report on the Statistical Work of the Factories Branch 
of the Department ^f Explo.slves Supply, Ministry^of MunUioiK 
(pp.' 129 and 145)' — 
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H.M. Factory, Queen’s Ferr”. 

Monthly Report. * Month enditig 6 A.M., 29th Decejnlicr 1917* 


• ^ N.O CASCADEJJ. 

• Sulphuric Ach^ Coucentraior:^ {N.Ci). 

Units Working, 2-7. * 


CuAUOKn. 

'iMiis. 

I’cr r«‘nt. 

JI.jSOi, 

Tons 

IIjSOj. 

^Tons 

Snlphnric acid 

M2-4 


1430 

.^.■5 

» ♦ 

Fv d- 





Coal used . 

SS-'-! 





Siilpluirio ucid — 

'I ot:il ll.,SO, clnirgcil U) plant . 
folal Il.jSt >, rct.overed 

Amount lo:.t 

Per ('Cnl. lost. I2*.i pci <cnl. 


I’uoinuKit. 

T^'Jis. 

I’lT Cfllt. 

n.vso;,. 

Toum 

'u.^sn^ 

Tons 

.Sulpli uric acid . 
Utroiig) 

I-IO-l 

.s.j-os 


102-6 

• 

Snipluiric acid . 
(«.•;, k) 
rulal . j 




♦ 


Tons. 

Tonsil ); 

143-0 

11 (*5 

125-0 

102-6 

17-4 

13-9 


Physicul and Workinyy Data. 



C-" 


Trill pn’atiir)) 

■ C. 

r«>r ci-nt. 
of 1 I.J.S 0 ,,. 

Drauglit. 

Acid charged per unit. 

S '9 

20 

67-33 


Acid concentrated per unit . 

3-S9 

15 

89.(15 


Acid from scrublxMs .... 


• 33 

30-5 


Gases to scrubbers .... 

• 

S 7 

J-l 


Gases from scrubl>ers .... 

.|0 

23 

1-35 



Crains 
pt-r .’111), ft. 

Vt-loolly ft. 
j)or Scriihlicr 
at If. 'C. 

Tuns H.jSO, 
prr Unit 
lioi.rs. 

'J'olal IIj^ 
^.rr *24 hours. 

Scrubber exit gases . . • • • 

* 0-575 

• 

• 


Stock exit gases . . . * . 

0-9 

..P 






• _ 


Coal vsed per ton^^ H^SO/ produced 

Coal used ptC ton oT concentrated acid produced (IL^SO,, 89-65 jrer centj 

• 0-285 ^ 

Water evajx^rated per uifit per 24 hours 

• 



1*7 

Total water evaporatedt|)cr 24 liours 




3*5 

• 






b 


Remarks— P lant shutdo'wn 17th December, rest rtecl 19th December. 

Plant shit down 23rd I^ecember, restarted 28th DcccmbciV 
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H.M. Factory, VJueen’s Ferry. ^ 

Monthly Report. ** Month eri'ding 6 29th December 19^7* 


T.N.T. CASC/ DRS. 


, . Sulphuric Acid Concentrators, 

Working, 3-4. 


CHAKOKI). 

Ton.s. 

Pfir cf^nt. 
II.J.SOJ. 

Tons 

HaB(.) 4 . 

Tons 

SO,. 

nCuDUCEU. 

Tons. 

Pftr cont. 
HaSO/ 

Tons 

H3SO4. 

Tons 

SO,. 

Sulphuric acid 

Coal used 

462*0 

67*5 

66*49 

307*2 

250*6 

Sulphuric acid . 
(strong) 1 

301*0 




2 f^* 9 < 

• 


Lost. 


^ Sulphuric acid— 'I’*’"'’- Tons SO;,. 

'R)tal H2SO4 charged to plant . . . 307*2 250*6 

Total II J1SO4 recovered .... 26<S*5 2i8*'j 


Amount Lost .... 38*7 31*7 

Per cent, lost, 12*59 per cent. 

» 

Physical and Working Dt\ta. ^ 

' r t> 


Tons. 

Per (lent. 
UifSO,. 


Acid charged per unit . . . . 

Acid concentrated per unit 

9-05 

V 5-9 

66*49 

89*20 


Coal used per ton of HjSO^ produce<l • 

Water evaporated per unit j)er 24 hours 

Xotal water evaporated per 24 hours 

r- 

0*251 ton.s. 
2*3 

7*1 » 


RriM.\KKS. — Llant shut down 1st Ikjcembe^ lo ^.M., restarted 5 P.M. 

fMafit shiK down I2tli December, re^arted 14th December. 

Riant shut down i7tli*Deceraber for four hours. 

Plant shut down 20th December to 29^1 December. . 

According to the Second Reporf on Costs an»l Efficiencies 
for H.M. Factories issued the Department of Explo^vg^ 
Supply, Ministry // Munitions (pp. 59-60), the averaere 
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efficiency of the^Kaesler plants at»H.M. factory, Pemftrey, was 
as follov's : — ' 

(a) T.N.T. Was% Acids- 

Effic’ency October tg Oe^mber 1917.(13 ^^eks) . 9i'3 per cent. 

„ January to June 1918 (20 weeks) . . 93-1 

(/ 5 ) Nitroglycerine and NiirOcellulose Waste Adds 

Efficiency July to Decem^r 1917 ^6 weeks) 93.2 per cent. 

„ January to June 1918 (26 weeks) . , 93.0 „ 

Recovery of Waste Acid from Metal Works. 

Methods for the recovery of sulphuric acid from th^ yaste < 
acids produced in the treatment of metals have been dtf^cribed, 

Pughsloy (R, P. 1538 of 1864) recovers suljjiuiric acid from 
the refuse “pickle ’’•of tin-pkrte works, by evaporating ^thc 
solution and separating the ciystals of ferrous sulphafb. The 
mother -liquor can be used again as a pickle after furthc^ 
concentration. 

Madge (R. P. 32i7^of 1867) proceeds in a similar manner. 

Lavendei^ Richards, and VVilliams (R. P. 3182 of 1878) filter, 
evaporate down, and allow^^to cry.stalli.se. 'fhe crystals *are * 

. heated in fireclay retorts, and the acid vapours led* into a 
llc'hamber plant. 

Parker and Robin.son (R. P. 10554 of 1889) evaporate the 
solution to a specific gravity of 1-4 to 1-5 in contact with iron, 
and add strong sulphuric acid, whiclj precipitates anhydrous 
ferrous sulphate, which is t^cn di.stillefl. 

Parker (R. P. 9632 of 1889) propo.ses to regenerate the acid 
by electrolysis, and deposit the iron on the catlvodc. 

Anderson^ (R. P. 3505 of 1913) mixes the waste acid vyith 
an exce.ss of milk of lime, agitatesifor two or three flours, jfllows 
the precipitate (con.si.sting ferrous hydrate, calcium sulphate, 
and a little calcium hystlrafe) to settle down, afid pumps it into 
filter presses. The cakes remainiig in thdse are»exposed to the 
air for a« few days^ until the ferrous hydrate has changed 
completely ^nto ferric hyc^rate, which is used for tiic purification 
of gas, or for i^e preparation of gypsum, according to whether 
fijfrr i^ hydroxjde or calcium sulph^e prevails. 

' /. S^c. Chem. Ine^^ 1914, 88, 31^ 
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How^ and Perry *t(B. P. 5830 of 1914) evaporate down the 
solution to a concentration of about 75|'per cent. H2SO4, when 
‘the dissolved iron separates out in tl‘e form of ferrous sulphate. 

* Natho (Ger. P. 262466) treats* ‘ljulphuric acid contaminated 
by inorganic salts without Evaporation with equivalent quantities 
■^of calcium carbonate and. sand, made into a paste, with addition 
W'a little water in an autoclave to 660 to 800° ; pure' sulphuric 
acid or sulphur trioxide distil off, and calcium silicate remains 
behind. * 

' /. So(\ Chem. Ind. 1915 , 34 , 423 . 
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COSTS AND KFKitTKNCIMS 

One of tfie most interesting developments in recent years* fT 
the increased attention given to th(A preparation of accurate cost 
account^ 

The graphical system of Representation instituted by Mr 
^ K. Ouin;4n, and published in the First and Second Reports 
* on “Costs and l^Lfficiencies,” for H.M. Factories controlled by 
Factories BTanch, Oepartment of IC\j)l<xsivcs, is a strikij^g#. 4 jject 
lesson of the valuabk' results which can be achieved in this 
respect, 'lliese statistics were compiled from^two points of 
view: (i) the plant or technicaf aspect, and (2) the “ costing ” 
aspect. In connection with the first, extremely detailecf records 
gf plant ‘working were prepared, from which weekly and monthly 
summaric?; of efficiencies were made. Side by side with the 
technical records detailed accounting work was carried on, and 
it was found «that the transition of weights and (jiiantiti(^ of 
los.ses into terms (/ money values proved of the greatest 
^assistance in stimulating efforts towards reaching the nighest 
^.(Ossible* efficiency of working. 

The following information has been abstracted from the section 
of the reports dealing with the concentration of sulphuric acid. 

In order to show the costs of conccuitration on a fair com- 
parative basis, costs were* reckoned *per ton of 100 per cent, 
sulphuric acid delivered, and the amounts of I I.^SO,^ lost per ton of 
H2SO4 delivered were charged uniformly at /,'7 per ton of H^SO^. 

The cost of concciT ration i'^ made up of: (i) ijw materials 
used, />., loss of acid, which depends entirely oiuthc cffic*iency 
of working ; (2) .service charges, which include the following 
items— (rt) process wa^cs; (/;) fuel, water* power, etc. ; (c) plant 
general expenses; (^) maintcnaiH'e of plant anti buildings; (e) 
op co.st, a*jiroportioi#of the general factory expen.scs allocated 
on the basis of wage.s. • , • 

A copy of«the details of the .service charges for June* 1918, at 
Factory, Gretna, is given bekiw.’ ^ 

* Report on the Statistical Work •f the Factorials llranch, p. 15^ 

BI6 * • 
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H.M. Factory, Gretna. Four ending 29th June 1918. 


CONCENTRATION P^ANT COCT. 

Servke Charges \^ost Sheet. 



* ^ 

Quantity. 

0 

Itato. 

3. . 

Amount. 


n * , 

Detat.l. 

— 

Total. 


Process Wages 



^ s. d. 



£ s. d. 

• 

(a) Salaries of plant officers . 



107 2 3 



f^) Operative wages 



317 2 5 



uj Overtime allowances. 



30 6 7 

» » 


(a) Yard and traffic 



42 II 7 

0 

t 





497 2 10 


Maintlwa^’ce of Plant and 




• 


Process Huildings:— 






(^/) Materials .... 



125 10 2 



f/i> Wages .... 



412 12 II 



(c) Ono st (shops and salaries) 



236 16 10 



r 



— 

774 ^9 n 


Fuel, Water, Power, etc. 




t 


(d) Direct fuel, coal 






,, coke 






,, gas, as coal 

878' 59 tons 

/i ‘9795 

R 739 4 10 



,, oil . 

• 





(//) Water and water power 

11,580,1^8 gls. 

].88bd. 

91 0 I 





p. 1000 


j 


(< ) Rleclric power and light . 

30,094 units 

o.55id. p.u. 

69 2 8 

i 


(a) Cominesscd air 



50 12 I 







1,949 19 8 


Plant General Expenses: - 






((t) Plant stores 



0 19 0 



(^) Clothing .... 



37 15 4 



(<:) Shift house and mess rooms 



13 8 8 



((/) Steam for compound 



. 122 4 0 







180 7 0 


Oncost (factory general cxjienscs) 



340 13 0 






— 

340 13 0 


Adjustment fop 






Scrap /'X Plant 



<9 6 



„ n ... 

1 


/yS 16 0 

iSy 4 6 






3,555 17 n 


Factory Ch\rgks— 

£ s. d. 
247 3 7 
69 13 7 
23 15 10 

;^ 3 ‘tO 13 o 


Normal 

Abnormal — township . 

Abnormal — tr.*nsport of workers . 
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Process W#iges. 

Under this heac^ng are shown th(^following sub-headings : — 

(a) Plant oncers. — Saliie^ of all f)lant officers, including 
• efiemists and, eti^fnccrs whose evdiole time is spent 
on the plant. ^ , 

tb) Oj^eratlvc |Wagcs of iTjremen and all proc(4S.'^ 

workers. 

(c) Overtime allowancem. — Th(? excess wages earned by 
® overtime rates, overhand above the ordinary rates, 
the overtime wages at ordinary rates being shown 
a? “ operative wages.” 

.(d) Yai'd and traffic. — The labour cost of handling^ raw 
materials and products into and out of thcj^pTant. 

• • 

Mainteuance»of Plant ^nd Process Buildings. 

Under this heading are given all expen.ses, sub-divideePiuto 

(a) ^Materials. 

(b) Jtaix^es. 

(c) Oncost (shups#aud salaries).- 'fhis item includes cost 

of ^;epairs — shop.s,^alarics (T maintenance engiii(^.*rs, 
foremen, t/adesmen, etc. 

Fuel, Water, Power. 

Under this heading are .shown all fuel and other .sources of 
power, grouped, as follows 

(a) Process fuel. — The^(]uantitie,s,and sterling amounts of 

direct fuel consumed, separate headings being shown 
for coaX coke, gas, and oil. 

(b) Water and ivater power. 

(c) Electric poivcr (Old lipf it. 

(d) Compressed air. ^ 

Under each of thc.^e .services is given''the proporti(ai of ex- 
penditure on such services ^llocaffcd to the concentration plant, 
irvluding'^ftaginecrs’ .Hilaries, where thc.se can be allocated dircttly. 
Expenditure, however, of a direct nature (such'as engineers’ 
sljop charges),*which, while not admitting of specific aHocation, , 
jjpfew generally to severahof the awovc headings, is apportioned 
between and included in the expoiiditure unOv^r such heads?’ 
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Plant Geteral Expensed. . 

t • 

This is divided into : — u 

(a) Plant stores. (, 

(b) Clothing. r 

(c) Shift houses and nitss rooms. 

' Oncost (General Expenses). 

A proportion of the general oiiQost of the factory (allocated 
on the basis of operative wages) is charged to the concentration 
plant cost. The general onco.st includes all office, managernpn^ 
and stores charges, and any other overhead expenses which 
cannot be allocated directly. 

Adjustment For. 

This heading allows for credits for sales of scrap, etc. For 
example, frecpiently in trade factories the weak acid from the 
scrubbers and condensers is sold as accumulator acid. 

'' It is important to note that no allowance is made in these 
figures for rent, rates and taxes, insurance, de[)rcciation, or 
interest on the capital expenditure of the plant, which form an 
int<,'oral portion of the cost of roncentration of the average 
trade factory, and which must be considered carefully when 
deciding on the best form of concentrating plant to suit the^ 
required conditions. It is customary in most trade ‘factories'^ 
to calculate depreciation on sulphuric acid plant at the rate of 
15 per cent, per annum on the written-down value of the plant, 
as accepted by the InKind Revenue Authorities for taxation 
purposes. Under this system all additions and repairs to the 
plant for the year must be added to the capital value before the 
15 per cent, allowanec for depreciation is obtained, 

■Interest on the capital expenditure of the plant is based 
generally at the rate of 5 to 0 per cent, per annum on the same 
capital value as used for depreciation purposes. 

In the process of concentration there is always a certain loss 
of acid, which varies with the efficiency of the plant working, 
and' the value of the acid lost mu.st be included iir* the cost (Of 
concentration. In the case of the Government Factories, by 
means of an elaborate system of storage tanks’ and measure- 
ments, the quantity .^and strength of. the feed acid and 
finished acid werj recorded accurately. Table A shows the 



TABLE A. 

H.^ 1 . Factory, Gretna. . tour weeks ending 29th June 1918. 



Average strength ot ac:d charged ^-- per cent. ' Average strength of acid reco^e^d-^l•o2 per cent. Loss ,n concenfraJ^. 
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weak siflphuric acid balance sheet and the final cost 
of concentrated acid for June 191,8, at H.M. Factory, 
Gretna.^ ^ ( ' 

< Although it should be carried ‘(j ut wherever possible, in the 
average works it is not alweys prad icablc to measure the feed 
aciti to the concentrators in so acc irate a manner, and jt is 
therefore necessary to rely on the results of trial ruiis made at 
regular intervals. The aver^ige efficiency of the concentrating 
plants during the war period (1914-1918) may b? taken 
approximately as follows : — • 

Cascade Plants 85 to 90 per‘tent. 

Kessler „ 9t » 93 m 

*'• G^iillarcl „ 96 „ 97 „ 

d'he monthly condmtration costs are, summarised in the 
fonh shown in the table “ on p. 321, by means of which variations 
from month to month under each heading in the cost per ton 
can be reviewed readily. A still more elaborate and impressive 
method is to pre.sent the comparative costs in a graphical form, 
as .shown in P'ig. 1 36, which gives the average comparative co.sts 
for four six-monthly periods for different types of :oncentrating 
plant in use at the various Government factories. The costs for 
the Gretna Gaillards from January to June 19HS are included < 
in this figure, because they were the lowest cost figures I'ecorded* 
on any concentration plant during the period under review. In 
spite of the enormous overhead factory charges (welfare, housing, 
transport, etc.), Gretna combined a remarkably high efficiency 
with very low service charges. ^ 

In considering these comparative figures, it’ should be borne 
in mind that the cost of stores and labour increased steadily 
durmg the oeriod under review.. P'or example, it is stated 
that at one foctory from 1914 to August 1918 the average 
weekly wages of labourers increased .from 25s. to 55^.) of 
process workcr.s, frotn 30s. to 82s, ; ol tradesmen, from 32s. 
to 70s. ; and of lead burners, from 69s. during January 1916 
to 57s. in June 1918; and these figurch may be’ taken as 
representative of the general increase in wages throughout 
the whole of the chemical industry. 

^ Report on the Statistical Work of the *Factories Branch, p. 160. * 
p. 36. ' 



Concentration 







COSTS AND EFFICIEIJCIES 388 

o 

The results achieved in the < Government factories from 
* . * • * 

June 1916 to Jurier,i9;8 indicate that froip the point of view 

of plant efficiency, fuel coni^imiption, •iijai/jitcnancc, and labour' 

charges, the cascade sys^tci(ji %)f concentj^ation com[)ares vety 

unfavourably with either 4 he GaWlard or Kessler plant, but 

it niust be remembered fmt the acid concentrated on thpsc' 

plants wa§ the waste acid from the manufacture of explosives 

containing various impuritie^. When working on clean chamber 

acid, mveh better results can be obtained with tiie cascade 

.system. 

The very excellent results obtained with the Gaillard plant 
at Gretna indicate that this type of plant is more economical 
to work in all respects (except fuel consumption) Jhatf the 
Kessler plant when large quantities of sulphuric acid are to 
be concentrated. A^ain, it must be rem(?mberc(l, however, tliat 
the feed acid for the concentrators was the waste aq'd from 
the manufacture of explosives, which contains an appreciabh; 
quantity* of organic and mineral impurities. With dirty acids 
the Gaillard plant has the marked advantage that it is 
practically self-cleaning, and does not require a shut-down for 
this operatiom.as in the case of the Kessler. When concentrifting « 
chamber acid for sale, however, the Kessler plant is inuqh more 
flexible and convenient than the Gaillard j>lant, and can be 
'worked (uorc closely to definite and high percentages of 
concentration. The Kessler apparatus also is less costly to 
instal in the average works, and it is usually po.ssiblc to arrange 
a gravity feed to it ; whereas the height of the Gaillard tower 
renders this quite impo.ssibl?. 

The experiente with the Gilchrist concentrator at Queen’s 
Ferry is unfavourable to this type of plant. The* efficiency never 
reached the standard of a good Gaillard tower, itnd j.he,,(!ost 
was usually much higher. * • 

Apart from the GoverdVnent* reports quoted above, there 
is little or no data available on ,^thc present-day costs of con- 
centration, except from Arqerican data, which emanate almost 
entirely, hb^ever,^ freto trade sources. 

According X) A. E. Wtells and D. F. P'ogg,^ the cost 
oQ concentratiffg acid from 6o to 66” B6. (142 to 168^ Tw.) 
on a IO-tol;^ cascade plant wfth 100 - dishes 12 in. in 
‘ Bulletin ^84, U.S, Departmei^t of the Interior, p. 137. 
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c 

diametef and 6o preheatii(g pans 24 ici. ])y 12 in. is as 

follows ^ • I r 

\ t C r 

Coal 17 per cent. Vt $5*00 per to^* .... |o-85 

Labour . . 0 . .( p. ^ . . .' 1-25 « 

General expenses and rep&Vs • | • • • • 

Losses 4 per cent. of*acid, assumiit^ 60“ Be. acid at „ 

$8-00 per t^n . . . . ‘ . . . . ' 0-30 

Operating cost per ton 66° ‘Be. fronY6o° Be. . . $3 40 

* . 

P. S. Gilchrist^ supplies .some intere.sting informatioij on*';^ 
the comparative costs of concentration in America, afid de.scribes^^ 
varii^s types of tower concentrating plant. . 

Combinations of cascade and tower systems have been ‘ 
used. An installation at Baltimore in 1916 with .twelve iron 
pai^s 36 in. in diameter, in two rows, Jproduced 23 tons of 
66° Be. 1(168” Tw.) acid per twenty-four hours from 54° Be. 
(V20 °Tw.), the acid entering the top pans beingt, 57° B 4 
(i3i”Tw.) at 290°F. (i43°C.). c 

Actual operating co.st per ton of acid is as follows : — 

< Fuel oil, 19*5 galls, at 4 cent.s <^35) - . $078 

Labour , . .071 

G\jneral expenses and repairs . . . • ^ • 0-85 

Losses, 10 per cent, of acid, assuming 60 Be. acid 
(142° Tw.) at $8-00 per ton 0 80 

Operating cost per ton of 66° from 54° Be. (120° Tw.) . 33*14 

Particulars are given Mso of a pftint in which concentration 
is accomplished: (i) by surface evaporation* in a pan flue; 
(2) by tower evaporation and preheating.- 

tTwo 50-J:on units of this type of concentrator have been 
install^ for ©the Standard ’Oil Co., and recent figures show 
that, during cl period of a little ^nore than four years, over 
140,000 tons oP acid* of 66° Be. (168 ' T^.) acid has been turned 
out with a repair and upkeep) cost of less than ^10,000. This 
wofks out at 7 cents to 8 cents per ton (ff finishe^;acid. T]\,e 
oil consumptibn was from 10 to 1 1 galk per ton of 66° (168° Tw.) 
acid, starting from 55° B^. (123° Tw.). One man per shift 

^ CAem. aM Met. Eng.y 21st June 1922, 28 , Nd. 25. 

2 Gilchrist conceittrator, p. 23^. 
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operates the entire plant, and the cost of operati(?n is as 
follows : — 


Fuel, II galls, at 4 cents •. . . . . 30-44 

Labou! . , . 0*12 

General expenses and ref lirs . • . . . . 0-30 

Losses 3^ per cent, b; sed on $8 psr ton of 60" 

(14-“ Tw.) acid 0*28 


Operating cost per ton of 66" acid from 54“ Be. (i 2 o"'rw.) .5 m4 


Gilchrist describes also a An ther mocliAcation of this system, 
which is cpllcd a hot-air submergence type of plant. It is 
designed to concentrate any kind of siiliihiiric acid, but 
especially separated sludge acid of any quality. The ’.iftder- 
lying principle of the proce.ss is concentration by blowing hot 
air at a temperature of about 1200° F.» (650'' C.) through the 
acid. Cf. pp. 299-301. • 

Figures are given showing the comparative cost of concen- 
trating sludge acid by the old and new method. 

(r) Cost of producing 66'’ (168'’ Tw.) acid from 35’ He*. 
(65° Tw.) sludge arid, using lead pans and cast-iron stills: — 


roo galls, on at 4 cents $4-c)5 

Labour o-f)o 

(General experses and repairs 2-50 

Losses 20 per cent, based on S8 per ton of 60“ 

(142” T\v.) acid >.6o 


Operating cost per ton 66" (168" T\v.)from 35“(65"'r\v.)acid 38-70 


(2) Co.st of producing OtC (168'’ Tw.) from 35'" l^e. (65" Tw.) 
sludge acid, usings the hot-air submergence* plant : — 


35 galls, oil at 4 cents 3i-4o 

Labour , '’o 

General expenses ' . mo 

Losses 6 per cent, based onI'S per ton 60" ... 0-48 

Royalty . . . . . • . 4 . . r-oo 


Operating cost per ton 66" (i(^" Tw.)*acid from 35" (65"Tw.) 





SULrilURlC acid was formerly^ always, and is even now to** 
a great extent, sent out in carboys (from the Persian, qarai^ah)^ 
a large and more or less globular glass bottle, with a neck 
long^aough to pour the acid clear of the packing and container. 
The British Railw.ay Companies in their 'General Classification 
of Goods, give the folldwing definition ; — ^ 

• The term ‘carboy,’ as used in this classification, means 
a globufar bottle of not more than 12 galls, capacity, made of 
g^ass not less than J in. thick in any part, practically free 
from stride and bubbles, carefully annealed, and with the initials 
of the maker, or other distinguishing niark, on the neck.” 

, ‘iFor liquids not exceeding s:>2 sp. gr. carb#>ys up to 14 
galls, capacity may be used.” 

The above specification, however, has nc'-t been founds 
possible of attainment, since no bottle maker would guarantee* 
the thickne.s.s. In Great Britain glass carboys are made chiefly 
in Lancashire and Yorkshire, and the process of manufacture, 
as well as the fini.shcd carboy, is practically what it always 
has been from very ancient tim^s. The heated glass is 
“gathered” on the end of an iron pipe ffom the melted 
mass in the furnace, and after skilful manipulation of the 
mas^ tlie w^^rkman blows it up with his mouth, like a rubber 
toy balloon, dill it has the* requisite capacity, judging the 
capacity entirely by the eyvi, oiily jihe lower part being 
formed in a mould. A rough collar of glass is wrapped round 
the neck, and when the whole is sufficiently cooled, the blow- 
pip? is broken off clo.se to t,he collar, nnd aftck** anpealiftg - 
(gradually and slowly cooling) the ‘ carboy i.^ finished, the 
, mouths 'being from 2 in. to 2 \ in. diameter, thdligh somewhat 
rough and irregular (Fig. 13/;. • ' ^ 

In other European countries, the carboy? are made in a 
826 ' 
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similar way, but w(th mouths onlv from i in. to 2 in. diameter ; 
tlie mouths are generally better finished, but the- larger 
diameter of th(^ Iritish carboy is jjrcfer . 
able for pouring, because air^can gctdivo 
the carboy above the heavy flowiti^j liqiifd, 
and there is not the same tendency to 
splash. ‘ 

In America, carboys of cylindrical form, 
instead of globular, are no# being machine- 
ma,dc, with well-finishetl movths, but they 
arr' about double the weight of the hand- 
made British carboys. Attempts were 
made many years ago to produce s(|uare 
carboys, in order to* economise space, but 
the difficulties of unequal contraction in^coofing, and consequent 
cracking, could notice overcome. ^ 

In Great Britain and America the usual or standard 
capacity of a carboy is lo galls., any other ca|)acity behig 
.special ; but in most other luiropean countries, and Germany 
in particular, 6o to 65 litres (about 13 gall.s.) is the usual size. 

Sometimes glazed earthenware ves.sels of various ca[)acities 
are used, especiall)' in i'rance and Bohemia. 

S/oppers for Carboys. 

For pure acids, it is usual to employ gla.ss carboys with 
ground-in glass .stop[)er.s, but the.se arc much too costly for 
the ordinary trade. The ordinary st(:|)pcr is of glazed earthen- 
ware, but more often vtf common brick, round and about 
which is pres:#ed a lunq) of .soft moist clay witli a cloth tied 
over it to keep it in position. Sometimes ‘.stoppers are first 
luted with plaster )f Baris, and with a mixjture of ground 
barytes and coal-tar liitch. 

t 

\Jfa.npers for Carbgys. ^ 

It is obvious that a glass tvc.s.scl, containing from 150 to 
^iSo lb. i4sulphur|e acid requires protection from breakage, and 
some means <)r handling ij. In former years, a m)ugh wickerwork 
basket was ^niver.sally u.sed for this purpose, the spa^e between 
* t^Ue glas.So and the ba.sketwosk being tightly rammed with 
* straw packing up to the shoulders (the largest diameter) of 
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• 

the carboy ; but someJ:imes ty^isted straw bjinds are continued 
to the ‘top of the neck, fpr better pi^otection of the gla’ss, 
especially when stowa^ in tiers. The wicker baskets were very 
unsatisfactory and utp afe for th/i' weight they had to carry. 
Owing to the presence'of ac^d in the sfraw or on the floor, 
the ‘bottom ’frequently dropped out, while the handles and 
upp6r parts broke away, especially in dry weather! They 
seldom were fit for more th>in one journey. An innovation 
was made by Richard Leigh (B. 3991 of 1876) (P"i,gs. 138 

*and 139) of a carboy hamper i^iade from fluted hoop i^;on, 
protected by a thick coating of coal-tar, in which ^ the usual 
straw packing is used, as with the wicker basket. 



Fig. 138. ’ Fig. 139. 


Since that time many various kinds of hampers hav« been 
introduced, in sheet metal, plain, perforated, or corrugated, 
corrugated strips, expanded metal, in wire interlaced or spot 
welded, and many other -methods ; but the hoop iron hamper, 
made on the broad principles of R. I.eig*u’s original invention, still 
holds the field in Great Britain and Europe generally. In the 
meantime, the wicker carboy basket has practically disappeared. 

Brlt!^ Railway Regulations for Transport of Carboys. 

It frequently happens that glaSs carboys get broken, 
particularly in railway transit, by the jolting or shunting of 
railway trucks, and the acid running out is not merely lost, 
but oLen does a great deal of damage to (^ther mer''.haqidise,«e 
and to the railway truck. In Gresit' Britain this kind of 
trouble became excessive during the war period (1914 to^ 
1919)1 when so many, more oDnsignments than usual we«e ^ 
handled under very difficult rf-ailway cenditions. In con- 
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sequence, the British Railway Companies (under the 
of* Transport) issuad reguhtj.ons (<ith Augi 

to come into forc(jlist January 19*20, dca’ing with 
carboys, their striw packing,. stopper!r^,^ting, and 

(1) Deflliition of form • “lDarboy.”--^hc term 

means a globular bottle of not mefre than 12 galls, capacity, 
madb of glass not less than about J in. thick in any p^rt, 
practically free from .stride and bubbles, catcfully annealed, 
and with the initials of Ijie maRer, or other distinguishing 
mark, on the neck. ^ 

liquids not exceeding i-2 sp. gr. carboys up to 
14 galls, capacity may be used. 

(2) Straw Packing. — Each carboy must be firmly {:i^ked 
in a hamper of iron (#r wickerwork, with a minimum thickness 
of I in. of .straw packing between the hamper find the carboy. 
This packing must be renewed 'is .soon as it loses its elasticity, 


; Ministry 
ist 1919), 
traffic in 
loading. 

V carbo/” 



Fig. 140. 


.and the hamper mu.st be kept in good repair. The straw 
packing in the carboy hampers, when handed to the railway 
company, mu.st be sufficiently damp to prevent fire. 

(3) Stoppering and Luting. — Each carboy must be provided 
with a good earthenware glass .stopper, and must either (rt) 
be well luted with plastic (moi.st) clay, or (b) well luted first with 
plaster of Paris and then a layer of moist cla)g placed over the 
plaster of Paris, the stopper in all cases to be tied over with a 
waterproof material to keep the day moi.st, and th(^i wit^^-'irong 
canvas firmly tied or wirjjd round the neck ^f the carboy. 
Other equally cffectivc4 moans of luting njay bj; used, provided 
the stopper is in all discs firmly 'gecu red and luted, .so that the 
acid cannpt c.scape. An *effective method of securing^ the 
s!oppe? isTy meaii*s of fiat metal band, passpig round the 
neck of the c^^rboy and over the canvas (P"ig. 140). 

^ the casfi of certain specified chemicals effective vent in the 
stopper is necessary. 
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Carl^ys containing hydrochloric acid (rnupatic acid or spirit of 
salt) may be stoppered witJi cork bungs fluted with paraffin ^ax 
, covered ivith canva\jhe ivhole to be secure)’* u’ith copper wire or 
by a flat%metal ban^si>kssing royl)id the neck of the, carboy and 
over the canvas. When pa^mng in fultc truck-loads the carboys 
r may be stoppered ivilh tightly tivisted straw stoppers, ^ 

**(4) Loading^— For traffic in full truck SINGLE TIER loads, 
the carboys must be placed closci up to the end and side of 
the wagon and fastened together at all points of contact with 
strong cord or wire (to be proviSed by the senders); any.^jpace* 
must either be battened off with substantial timbef, positioned^ 
close to the shoulder of the carboys, or filled with other approved 
packTlig ^such as straw, sacks of straw, old hampers, etc., or, 
alternatively, a framework approved by 'the compi^ny may be 
fitted in the truck to support each car^ioy separately. The 
pac^cing material or framework to be provided by the senders. 

In the ca.se of double tier loads each carboy i^ust be 
{Jaced on a nest of straw between the shoulders of t^e bottom 
tier carboys, the two rows of three at cither end to be fastened 
together with strong cord or wire at cach*'point of contact. The 
, carboy hampers must be interlac(?T with rope, thefends of which 
must be braced to give firmne.ss, and .secured to the buffers or 
sheet hooks of the wagon. Wagons exceeding the height of 
the carboys must not be lused. * 

Note. — The Great Western Company do not carry nitric 
or sulphuric acid in double tier loads^ and require the end 
hampers in single tier lo^^ds to be %,sccured to the ends of the 
truck with strong cord fastened to the buffers , or sheet hooks. 

In the case of single carboys or part loads ^ the carboys and 
ham£^s miyst be packed in .substantial flat-bottomed cases, 
crates, or tuh‘^. Each packa'gc must bear a distinctive label 
close to the niouth of the carboy 

“THIS SIDE UI’.” 

#1 

Carboys in boxes, crates, or tubs mu.*^ not bo.Moaded . 
the top of other goods, nor otlicr goods loaded on the top of 
such carboys. Goods liable to be damaged ifi the event of 
breakage or leakage of the contents of the carboys, must noit be 
loaded near them. i 
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t 

The chief difficulty seems to have beejiin preventing single 
carboys from capsizing, V)r a few carboys in a truck from moving 
about and gettin'^ broken. Woodtn ^.^es or tubs, strong; 
enough to ^arry a carh^oy of A^ld were fu^gcstcd by t#ic railvfay 
companies, but were far too* costly ,^and also added considerably 
to the weight of the package, both, outwards and inwards^ 
whilst lignt wooden crates were altogether too weak. 

The difficulty has been overct^ne satisfactorily, both to the 
railway companies and the traders, by a light, but strong, outer 
“ sa^ty ” crate (II. Leigh, li. 158028 of 1921). This “ safety ” 
cra^e is p\ade of deeply fluted hoop iron, and weighs only 
6 or 7 lb. It is made to receive any ordinary lo gall. carboy 




with its hamper, and having a base of the same diameter at the 
top, docs not move about or overtuien in railway trucks, and 
is also extensively u.sed^for .sca-boVne traffic. An additional 
protector for tho upper part and neck of the carboy is frequently 
used. This top protector is also made from fluted hoop iron, 
and when tied down *ight on to the top of the stopper covering, 
serves to keep the stopper and luting tight. ^ 

A special kind of cjA-boydiamper has been patented by 
Garneri^ (B. P. 3196 ol 1883). This 4 )a.sk|t is built up of 
numerous standards of wood,*thin and clastic. The ba.se is 
,^ompose€l«prcferalj[y of two conical and concentric ring^ thin, 
and.gf 5 to ^cm. (= 2| in.) in diameter.* The standards 

are bound artd fixed at equal distances between the Uvo conical 
^rh»gs. Waoden rings, placed at intervals in the height of the 

J?Soc. Chem. fnd.^ 1884, 8, 173. 
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basket, are fixed both on the exterior ancL interior by meaqs 
of a jf)inted mould, whicl^ gives to tSie pas^et the desired 
pontour, according tOLther:arboy or other alt%Ie it is intended 
to^contain\) V ^ •* * • 

Schleicher (Ger. PMSn?) employs ti|[ht-fitting wickerwork 
^baskets, the -upper part of which is removable and is connected 
with the lower part by wire fastenings. This plan*is shown 
in Fig. 142. b indicates the^lass, ^ the joint between the two 
parts of the wickerwork, (\ the removable part of the latter, c d 
the cover. • ^ 

Mauser (B. Ps. 11095 ^*^d 21986 of 1902) pr*'>vides *the 
hampers with a top kept down by springs, or suspends the 
carbojt. in the hamper by springs. 





Fig. 142. 


Fig. 143. 


Fig. 144. 


Junckers^ employs for filling acid carboys a new kind of 
funnel, closed at the top., Only two openings are left ; one pf 
them for inserting the pipb or tap from the filling-vessel, the 
other one, provided with a neck, for condu( 5 ting away any 
vapours formed. By. making the joints with the feeding-pipe 
or tap and with the neck of the carboy tight by means of india- 
rubber" washers^.any loss and damage to the carboys through 
acid splashing about is avoided.c ‘ 

Mann (Ger. F/ 189G34) describes a ciintrivancc for closing 
carboys in such A way that the" channel for allowing gases to 
get ott is not in constant communication ^ith the%' 5 ute;r airf- 
but automaticaKy opens when a certJuin tension has .been 
reached, and again closes by itself when the tension is lowered., 
(Figs. 143 and 144 show thic.) The ball 0 opens into tke^ 
« * Chem. Zeit.i 1902, p. 582; 
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chamber n\ to prevent o from felling ^out, a bandage / is 
fastened over tlie prifte of n ; it fijssesses a small hf)le for 
the vapours to ^c^e. # X ^ 

Oontrivances foA/mptyidg Oarboy%.^ Several ccfitriv^^n^s 

have been invented foi® emptying a^id catboys. Some of them ' 
consist of iron frames adapted for tilting, others of appareftus# 
adapted tu the carboy necks and acting on the principle T)f a 
chemist’s wash-bottle, the necessary air-pressure being })rodiiced 
by a small force pump, or by an 
indi^rubber bag with tretdle. 

These and other contrivances are 
described by Opplcr in his report 
on the Berlin Exhibition of Ap- 
paratus for prcvcntiifg Accidents.^ 

Probably the one most used at 
the present time is that showit in 
Fig. 145 after Brangwin’s Patent 
,No. 1355 of 1888. 

Rabe**^ describes an arrange- 
ment for running corw)sivc liquids 
from store femks into bottles or 

iMO, I45» 

open vessels, by means of taps. 

The outfiowing jet is converted by radial ribs intd parallel 
streams, and any lateral .squirting is avoided thereby. In order 
to avoid any retention of the liquid, the ribs are made to slant 
towards the centre at the place where the liquid enters. 

Gaden 3 (B. 7837 of 26th May,;i9i5) describes a metal 

container fitted with a tonical rehiovable cover, which fits 
into the contaiiK^r, and is maintained in position by a bail 
attached to the container by means of links engaging with pivoted 
claws. When the bai’ is rai.scd over the cover, th^ pivoted claws 
clip the latter and fix it in position. The pact cf the bail is 
fixed to the top of the covir by a spring clip, whith fits into slots. 

British Dyes, Ltfl. * *( 1 ^. P. 116998^ of |Oth July 1918), 
describe a stopper for carboys, afid the like, bul have not made 
practi^l use it. * 

Akti«ngesellschfift fur Anilinfabrikatiol! at Berlin has 


* Chem, Ind.^ 1889, p. 528. 2 ^ angew. Chem.y 1911, p. 403. 

^ y. Soc, them. Ind.^ 1915, p. 1197. 

^ /. ^oc. Chem. Ind. {Abstr.\ 1918, p. 455. 
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patentedr^ (Ger. P. 8395) an a^pparatus for carrying acid carboys, 
withoirt in any wav puttir.g stress oxi thc^ handles or other 
^arts of the hampVs, so that the carbc//s«can be handled 
sa/ely, evln in defecNivfe hampercs'. ^ ‘ 

Other contrivances of ^is kind consist of hand-trucks 
tand barrows, one of the simplest of which is shown in Fig. 146. 
It Consists of ar' i -wheeled barrow, the deck of* which is 
practically level with the ground, so that one man can roll 
a full carboy easily on to it, anct wheel it away to where 
required. It is manufactured by Messrs R. & H. Lei^ & . 
Sons, Ltd., Orlando Works, Bolton, to whom thQ) author* is 
indebted for the sketches and details given above. 



British Dyes, Ltd. “ (B. P. 111927 of 27th Dccembep 1916), * 
describe a 2-wheeled hand-propelled vehicle for carrying two 
carboys, which is very readily loaded and unloaded, and has 
been adopted on a prao^^ical .scale. 

In May 1920 the ExA:utive Ccfmmittee of the American 
Manufacturing Chemists’ Association appointed a Special Sub- 
Committee to study ..the que.stion of carboy closure, and their 
recommendations are as follows^: — 

* General Recommendations. 

I. The use df clay, plaster of Paris, and other similar 
piixtures for sealing carboys should be discontinued. It is 
possible to get a good seal in thi.s way, but tshe'high fSfob*.bility ’ 

' Wagner’s Jakresber.y 1880, p. 236. ,, 

^ J, Sod Ckem. Ind, (Abstr.\ 1918, p. 47. 

® Chem. and Metal, Engin,^ afst March 1923; ChenC' Trade 
{Abst,\ 6th April 1923. 
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of getting a poor seal, the tendency of these mi>^ures to 
disihtegrate during Istoihge, the fac/ that a t^ood seal is hard to 
remove, and YQsu}lh‘fi chipped and ci^icko'i' necks, the fact tha^ 
such a sea), is frcqu\ntly iis^d to covdVj^p serious fhips and 
cracks in the mouth of* the carboy, ^nd tlfc lack of necessity K)r 
such a seal when proper gasket, porous stopper and good dat, 
seat on tht: carboy mouth are used, make the .use of such seals 
inadvisable. ^ 

2. Glass carboys used I'l^r the shipment of corrosive liquids 
shc:^ M have an even unchippe*!, and uncracked surface around 
the !ip on \vhich to scat the gasket ; this surface to be at least 
^ in. in width for carboys of 7 to 13 gallon capacity, and at 
least in. 'll! width for carboys of less than 7 gallon capa^ty. 

3. The stoppers for carboys .should be required tf) fit fairly 
closely in the mouth of the carboy, and have a ttipcr conforming 
closely to the taper ot the insidtfof the mouth of the carbojt; 

4. The size of stoppers .should be standardised as /.early as 
possible* at not more than i in. less diameter (approximatelv) 
than the inside of the carboy neck. 

o 

^ Stoppers ^and Gaskets. 

5. Glass stoppers, ground to fit, .should be authorised for all 
corrosive liquic^s, and .should be .secured in place by whe, cloth, 
burlap er other suitable fastening. 

6. Clay or earthenware .stoppers, porous, should be authorised 

for all corrosive liquids ; they .should be made of a material 
sufficiently porous to prevent accumulation of interior pressure 
under conditions of tran.siJtjrtation t( .storage; they should be 
tough and not > 4 )rittle, and of such material as will not be 
disintegrated by the corrosive liquid cont.'\ined in the carboys. 
These stoppers should be of such size that the shank will fit 
inside the mouth of the carboy with not over in. clearance. 
The shank of the stopper *shouJd be at least I'J in. long, and 
should taper not more'thah J in. on tho diargeter ; the upper 
surface of the stopper .should have two’ cros.s-grooves with a 
w‘nimpm ^c^kepth of -V maximum of » measured at^ 

the centre of the top ; provided' that these stoppers, when made 
vtjth screw thfead to engage in corresponding threads jon inside 
of carboy nepk, need not have thesgrooves in their upper surface. ' 

7. Glass stoppers (plain or sci;ew, but not ground to fit), clay 
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and eart^ienware stoppers (not porous) and other similar stoppers 
should not be authorised % ^mineral adds ([r for other corrdsive 
Jiquids liable to d^elopt considerable in(!j?riqr pressure ; such 
s^pppers ^ay be proWly authc^sed und jr suitable conditions 
other than the forc^oing^ebut Which ' should be determined 
• dependent on the particular article being shipped. 

*B. Asbestos f ope, treated, should be authorised for use for 
any corrosive liquid that jyill not seriously disintegrate the 
gasket during use ; these gaskets Should be made of asbestos 
rope (not less than | in. comm&rcial) soaked in a mixture^** 50 < 
per cent, machine oil and 50 per cent, paraffin at a temperature 
of 250"" F. (approximate) and subsequently wrung out slightl}^ 
and allowed to cool. 

9. Fl^t asbestos, rubberoid, and other similar gaskets (not 
thoroughly pla.s-uic:) shauld not be authorised for use for mineral 
acieCs or for other corrosive liquids liable to develop considerable 
interior '' pressure ; they may be properly authorised under 
suitable conditions other than the foregoing, but which should b§ 
determined dependent on the particular article being shipped. 

10. Other gaskets having physical properties similar to the 

treated asbestos rope gaskets, des^:ribcd above, so. that they will 
remain plastic and not disintegrate during use, should also be 
authorised from time to time if found to be properly efficient in# 
transportation and storage. • 

Stopper Faslenings. 

11. Wire fastenings , of the type in which a wire is passed 
around the neck of the ' carboy jvst below the mouth and 
thence up over the stopper and twisted fast in a way to 
securely hold the stopper in place (such as the “Brainard” 
fastener) should be authorised for all corrosive liquids; the 
wire should bp required to be made of material as highly acid- 
resistant as practicable (“Armco iron” is recommended), and 
should be not l^ss in size than No.' 14' B.W.G. They should 
be coated with acid-resistant pclnt before using. 

1'2. Wire fasteners of the lever ‘typ^ (such as U'C 
fastener) should be authorised ' for ^ all corrosive liquid^,:, the. 
wire should be made of material as highly acid-resistant ^ 

‘ practicable, and should not be less in size than No. 9 
They* should be coated with acid-resistant paint before using. 
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' 13, Metal screw cap fasteners, consisting of a caj^ to screw 

down over the tnre,,c] on the outside sin/ace of the mouth of the 
carboy should be^autborised for all co^rosir^ liquids ; the thread 
should be required^ to be • heavy at.(,l rounded prevent 
chipping, and should cj made so that, gasket and stopper 
in place, at least two full threads will be engaged ; thes^ caps, 
should be made of material as highly acid-resistant as practic- 
able and not less than No. 18 gauge U.S. standard in thickness. 
The cap may be allowed to^'liave a hole in the top. 

r J^4. “ Screwed thread on stopper " fastening, in which a 
thread on t^he shank of the stopper engages in a corresponding 
thread on the inside of the mouth of the carboy, should be 
authorised for all corrosive liquids ; the thread shoijd be 
required to be heavy and rounded to prevent chipping, and 
should be made so that, with gasket in, place,* at least two full 
threads will be engaged. :> 

^teel Drums for Transport of Sulphuric Acid. 

Steel drums arc used extensively for handling strong 
.sulphuric acid. According to the Special Classification of 
Dangerous poods by McrcJiaiidise Trains (Provisional Pro- 
posals) issued by the Railway Clearing House, May 1921, the 
specification of steel drums for the conveyance of sulphuric 
acid (S. 13) is as follows: — 

(1) The drums mu.st be made of the best quality mild 
steel sheets. 

(2) All drums must be welded or rjveted. 

(3) Thickness of mct»il must not be less than 12 B.G. 
(2-517 mm.) for. body and 10 JkG. ( 3*175 n^m.) for ends. 

(4) The ends must be flanged, let into the body of the 

drum from i to 1 ‘ in., and strengthened b^ welded steel 
hoops, either securely shrunk on to the body ot the drum, 
with projecting beads t(f cover the ends, or* welded to the 
body of the drum. ^ ^ 

(5) Two .solid rolling hoops mu.st be provided with well- 
, .flitting sa^iwed steel plug* and steel boss, the boss to be welddtt 

to the drum. The plug, ^ when screwed hQme,«nust not project 
beyond the •rolling hoops or chime. 

' (6) Eaqh drum must be tested under internal pressurfe 

of 20 lb. per square^ inch, and, proved air-tight, and this test 

Y 
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must bejrepeated whenever the drum shows signs of deteriora- 
tion, and at intervals of not^rriore than six mJonths. 

(7) The outside of eac^h drum must be ^j)aifted or varnished 
tojpreservje it kC 

The drums are mtrJc hi ,varioii‘s size ,, but the gross weight 
,of the filled -drum must npt exceed 1400 lb. 

In August 1^915/ a lawsuit was brought in the United 
States by the Reid- Donald Steam Company against C. 
Tennant, Sons, & Co., claiming damages to the amount of 
• £yo,ooo for the loss of the steamer De Sola, which sa;‘/;cd 
from New York to Great Britiaii with 7400 steel (^^rums, Qach 
containing 800 lb. of concentrated sulphuric acid, representing 
about 2800 tons. After eleven days at sea, with rough 
weather, and with water in the hold, which, had broken through 
the hatches, acid was found to be leaking from the drums, 
and .’two men were overcome by the fumes. The ship made 
for the irearest port (St John’s, N.), and the cargo was taken 
ouj and the sound drums carefully restored, but after twenty-^ 
four hours at sea further leakage of acid was di.scovcrcd. Soon 
after returning to port the ship took fii:p from an escape of 
inflammable gas, and this, togetljer with the dainage caused 
to the hull by the acid, caused the ship to sink. 

Tranrport of Sulphuric Acid in Tank Wagons. — When 
supplying large consumers, and especially when sending great 
distances by land, tank wagons are employed. 

Balmain and Menzies pritcnted in 1869 this way of carrying 
sulphuric acid, which, however, seems to have been previously 
in use locally; its general ’- se appears to date from 1880. The 
stronger the acid the le.ss danger is there of^aiiy action upon 
the iron ; .but eve;i down to i3o'"Tw. it can be safely carried in 
iron, provided there arc no injurious impurities present, such as 
nitrofis acid, aftd that the air has no access — the latter, because 
its moisture condenses on the surface of the acid, forms a layer 
of dilute acid, and corrodes the iron iiJL that place. 

The iron acrJ tan'ks are ^sometimes made of an angular 
^tictlpn, like ordinary railway trucks ; but these J[nve be en ^ 
almost entirely^ superseded by cylindr’cal boiler-shaped tanks 
of 10 tons’ capacity. A great advantage of the ’atter is, that 
they resist pressure, and that, at the consumer’s works, they 
^ Chem. Trade /., 1915, 67 , 152; /. Soc, Chem, Ind., 1915, p, 350. 
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fitted with an arrangement for forcing the acid ouf: of them 
into a store tank on the premises, . o that the tank wagons are 
at once emptie(^'.|^d can be sent tack to the seller’s work^ 
Smaller tanks of thi:v kind, sa^ holding 2 or 2j tons, ||in be ijsed 
for road traffic. ♦ 

J^orrenbcrg^ gives special instmctions for cleaning out 
tank wagons used for sulphuric acid. 

Iron tank wagons can be used for concentrated acid as well 
as for chamber acid. The thickness of the plate for acid down 
tcA^ 40 '’Tw. is generally 2 iV. bi., for chamber .acid in. 
Th? ” plates must be very well riveted together and tightly 
caulked, as any leakage of .acid will cau.se a strong corrosion on 
the outside, in spite of the .self-evident precaution of keeping 
the iron very well p.ainted with co.al-tar varnish. Fcil* the same 
re.a.son the tanks, when empty, must be kept tightly closed ; any 
part temporarily expo.sed to the air, manholes, etc., shou’d be 
covered with sheet lead. The emptying takes place by means 
,of a srphon, or else by an angular valve-tap, or by an incha- 
rubber hose closed by a strong clamp. India-rubber, however, 
should be employed only for chamber .acid, d he valve is made 
of gun meta,’ (ordinary, not#phosphor bronze, which does not 
resist the acid so well) ; the iron spindle is cased with hard 
lead up to the screw-thread, and the stuffing-box is packed 
with .asbcsto.s. In spite of all precautions, .a little gas is 
generally evolved in acid tank w.agons made of iron, which, 
in opening them, may cau.se some acid to splash about and 
injure the men. This is avoided by 4 , contrivance constructed 
by Vorstcr and Grunebcl^.'-^ On tne top of the boiler tank 
there is a pipe, <ind within this another pipe, closed at bottom 
and open at the t(jp. The annular S[).acc thus formed is 
closed .at top and opened at bottom. The innejj pipe h.a.s two 
lateral openings near its bottom through which the gas collected 
in the boiler tank gets info the inner pipe anrf thence escapes 
outside, whilst the acid carried along oollect^ in the annular 
space between the pipes and runs back again. , 

< Pfeffe/^ discus.scs tanlJ w.agons for acids in detail. Sfjuar^ 
tallies on there wagons a.^ more easily placed* on wheels, and 

* C/iem. Ind.^ 1896, P. ; /• ^oc. Chem. Ind.. 1897, Itf, 14 1. 

* Ojipler, Chem. Ind, 1889, p.'’528. 

* Z. angew. Chem.s 1908, pp. 98-104. 



•340 


THE TRANSPORT OF SULPHURIC ACID 


more stafcle than ^lindrical tanks, but in fvery other respect 
cylindrical tanks ar^ to bet i^eferred tThe ex*perience gaified 
yi the construction of ste^m boilers comes y ‘^ry usefully here. 
C^lindricq^. tanks are jpWeaper th^b squaror ones ; tl^e ends are 
more easily put on; nlcyape more* eSsllj^^and quickly empfied 
•and more easily cleaned. The way of putting them on^ the 
whel?ls is descrii)cd in detail. They are filled thi't)ugh the 
dome, in which there is an, airhole, covered with fine-meshed 
wire-gauze in order to prevent explosions by a fortuitous taking 
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underneath the charging fiole is thC discharge pipe, which is 
divided into two branches, each of them provided with a tap ; 
there is also a shutting-off valve inside the cylinder, the spindle 
of which com9s out at the dome. Sometimes diaphragms are 
provided in the, cylinder, in order to prevent excessive oscilla- 
tions of the acid in shunting, etc. ' The protection of the iron 
against the acid^nay be effected by a'lead lining, but ebonite is 
preferable for this purpose, ’ 

Fig. 147 shows a modern 10- ton oaJ<-frame '»cylipdrio&l«: 
sulphuric acid" tank wagon, as supplied by Messrs JHurst, 
Nelson & Co., Ltd., Motherwell. The internal dimensions of 
the tank (which is built up^ of f-in. mild steel plates) <ar^, 
15 ft." 3 in. long and 4 ft. 5 in. diam^er, and the tank is 
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secured to the underframe by 'means gfulvanised ^;ire rope 
fastenings. The trfrjjc ir, provided wrjh a marhole cover, and with 
a valve and sealing of regulus metil, operated from the t^p 
of the tark by a c^st-iron *hand-wh^oV through ajlever ?4id 
vertical spindle. There is a double aAi-outlet of cast iron, 
to which cast-iron cocks arc attached. 

British Dyes, Ltd. ^ (B. F. 124997 of 7th July 1918)', describe 
a tank wagon and its fittings, line:! throughout internally with 
vulcaniJie or similar material. 

^t^ayhurst and Messrs Guthrie & Co., Accrington, describe 
a tank mounted on a motor wagon. The lank is composed 
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of an outer shell ol steel, and lined internally with special 
ceramic material (see Fig. 148). • 

According to B. F. if 2661 of 26th November 1917,*“^ the 
joints between ihe tiles with which the ve.ssel is lined are 
sealed with a condensation product of an aldehyde with 
phenol or its homokv^ue.s. When the jointing complete, the 
vessel is subjected to an increased temperature, to harden 
the jointing material. Tift latter may be mixer] with asbestos, 
if desired. 

According to Ifullctin^ 184 of the Bureau of Mines, 

(f* 148), •Imnk cars have capacities of 60,000 to i6o,odb lb 
They are prcA^ided generally with a small fjump or well 
into which “blow-off” pipe dips to empty the? tank af 

> ’ /. Soc. Cksm. Ind. XAbstr.\ 1918, p. 313. 

Soc*Chem, Ind, <^Abstr,\ 1919, p. 164. 
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completely as possiblf. Sometimes a foo^ valve or cock is 
provid(5i on the bottom «f^the tank ffor emptying, but the 
better practice is to bl(f.w the acid oul Sj the tank with 
co^npressefi air. The ^tanks aj^ provi^d usually with a 
dome having a ^manfiolc* plate ; th6 l^iow-off pipe being at 
5Dne*side of the manhole,* and the pressure air pipe at the other 
side, "both bcingf provided with a flanked flanged union, with 
a cock and a cap to protect- the threads. 

In the 54/// Alkali Inspector's ^Report for 1917, a ^fatality 
is reported, due to arseniurretted hydrogen liberated durffig 
the cleaning out of a railway tank wagon used for^j.cid 
transport. After repeated washing out of the tank with water, ^ 
a workman entered to remove sludge with a new galvanised 
bucket ; conditions favouring the product^ion of the gas were 
thus reali.sed. 

With reference to the rem'oval of lead sulphate deposit 
from viti%l chambers, and sludge from store tanks or wagon.s, 
tlK S-nd Alkali Inspector's Report {\()\^,\x 15) states ^tliat free, 
ventilation of the space should be provided for, both before 
entry of the men and throughout the e.vhole period during 
which they are engaged on the‘»\vork. It is ir^portant that 
it should be recognised that no matcriid has been found 
effective ’in absorbing oxides of nitrogen that could be usedo 
in a respirator of the absorption type. Reliance on the use * 
of such a respirator one charged with charcoal containing 
caustic soda) would induce a false .sense of security, and might 
lead to disastrous con.seq’iences. 

Beistle^ t^ives an intdresting account of the origin and 
work of the Bureau of Explosives, U.S.A., to promote safety in 
transportation of* dangerous articles, such as corrosive liquids, 
through improvements of shipping containers, from which the 
following remarks are taken. 

For strong' sulphuric acid ■ the*' tank car is very satis- 
factory, and the /iteel drum reasonably so! The glass carboy, at 
^its best, is a fragile package. 'For carboys the “ Stahl ” packing 
is u^ed frequently. This consists of four groovtd yertioftl^ 
wooden .strips,' who.se elasticity servos ’as the cunhioning..agent. 
Although initially cheap, they are destroyed by 'acid or fumes 
readily, and the cost of repairs and readjustments is Wgh. 

^ / Soc. Chein. Ind. {Trans.\ 1919,* pp. 33P-337- 
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Poor and insufficient cushioning cannot be cheaj^ in the 
long run. It will cause accident.i aid increase repairs# The 
cushioning mate^iat should be |to 2 in. in thickness all 
round the carboy, ind .shofild be p®t in carcfull]^ A thin 
cushioning will give'* in.sufiicient protection, and will wear 
through quickly by the constant rubbing of the carboy, 
whilst one full of lumps will cause the j)rcssurcs to be brought 
on small arCas of the carboy, and cause breakage. A I -in. 
thickness docs not give s|iace for proper packing or sufficient 
cililiioning. 

1. ‘railroad transportation, observation has .shown that 
packages receive their greatest .stresses in a direction parallel 
to the length of the car. The.sc stresses are due to coypling 
switching, and sudden stops in train operation. •As far as 
possible, the packing .serves to overcome* the weakness ol 
the package. According to Bci.stle, the followu'ng rc}yjrtccJ 
accidents occurred in the transportation of siilphurir acid foi 
a peridd of five years ending 31st December 1918: — 




No. uf 

IVrHoiis 

I’roporty 

• 



Lohh. 

Tiink r:ii s 


14 

0 

#2,548 

Metal drums . 


39 

1 

1,289 

Carboys . 



30 

27,261 

Wo den barrels 


2 


13 

Cans, bottles, jutjs, etc., 

in woolen 



boxes or barrels 


64 

11 

1,169 


Regulations regarding Transport of Sulphuric Acid. 

• 

According to the Regulations for the Transportation ol 
Explosives and ot’icr Dangerous Articles J.ssued by the 
Interstate Commerce Commission, Washington, D.C. (revi.scd) 
15th July 1918 (paragraplf 1855):— 

Sulphuric acid must be in well-stopperei^ earthenware 01 
glass vessels packed in .strong barrels (Specification No.^I^ 
<?r woodtt^ boxes (Specification No. 2), or in standard carboy*: 
(Specificatioi> No. i), or ii) metal drums or barr«ls (Spccificatior 
5A), or •in tank cars. The inner containers must be well 
cushioned ^^by excelsior, hay, . straw, or equivalent packing 
, material. 
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Electrolyte must be in well - stoppered earthenware or 
glass vessels packe(;f in string barrels (Specification No. i*i), 
or wooden boxes (Specififiation No. 2), or tn'^^tandard carboys 
(Specification No. i). /The innei" contai;iers must be well 
cushioned by excelsicV, hay, straV/ of/ equivalent packing 
material. 

7 

Note . — The te,rm “electrolyte” is descriptive of' a certain 
grade or purity of diluted .sulphuric acid used in charging 
storage batteries. Some grades of*’ electrolyte are so, diluted 
that they are not classed as “ forrosive liquids,” while otl^r 
grades are equal in strength to the stronger grades of sulp/iuric 
acid. According to paragraph 1805, corrosive liquids, which 
must cbe distingushed by a white label, include the strong 
mineral acids (in strength greater than or^e-half concentrated : 

47 per cent sulphuric, 34 per cent, nitric, 20 per cent. 
hydrQ)chloric acid). 

Shipping Container Specification No. 1 (15th July 1918) 
for^ Standard Glass Carboys, reads : — * 

Weight . — Any glass container with a nominal capacity 
of not less than 10 galls, shall be cla.ssqd as a carboy; and 
no carboy used for the shipment of acids or ^.inflammable 
liquids shall have a nominal capacity of more than 
13 galls. < 

A carboy with a capacity of 12 galls; must contain a minimum 
of 16 lb. of glas.s. A carboy with a capacity of 13 galls, must 
contain a minimum of 16 J lb. of glass. 

Note . — The gla.ss in ^ihc side walls of moulded carboys 
should be as well di.stributeJ as praoi-icable, and the minimum 
thickness should be not less than in. 

Annealing . — Each carboy must be annealed for not less 
than thirty hours in ovens, or for not less than nine hours in 
lehrs, at a temperature of front 1000° F. to 1 100° F., and then 
cooled gradually to the necessary finishing temperature 
required by locaj, conditions. 

Inspection . — Ench carboy nwist be examined carefully and 
'tested to detect any weakness or defect due jto variation ijj, 
thickness of gkss, or other causes,^ and ail sijch defectjve 
carboys myst be rejected. v 

Marking . — An identifying mnrk must be blown in^he bottc^ 
or neck of each carboy to enable the manufacturer’s name and 
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year of manufacture to be determined. A copy of t|iis mark 
must be filed with the chief inspector, bureau of Explosives, 
30 Vesey Street, York City. I^the carboys are covered 
with a fibre or other composition, tHs mark must also be 
placed on the coverifi;;. • 

Closing . — The carboy must be closed {(^ by having an* 
earthenwai'c or glass stopper inserted into the mouth of the 
carboy, sealed in place by clay, plaster of Paris, or similar 
material in a plastic condition, and securely fastened with 
bi^lap or other suitable material drawn tight and securely 
tieds'jndcr the lip of the mouth with strong cord; {b) by a 
glass stopper with gasket, secured by metal fastenings ; (c) by 
a glass stopper ground to fit, secured by burlap or other sj^itablc 
material ; {d) if the contents of the carboy arc noti corrosive, 
by a cork or other similar closing device* securely fastened 
in place to prevent leakage. 

Lead Carboys.— Any lead container of nominal capacity 
,not le^s than 5 galls, shall be classed as a carboy, and no 
lead carboy shall have a nominal capacity of more than 
1 1 galls. 

Lead car.]|)pys shall be made with their sides and bottoms 
of not less than 8-lb. lead and their tops of lo-lb. lead. 

The carboys must be closed with stoppers .sccurel)* fastened 
in place to prevent leakage. 

Lead carboys must be tested with 5 lb. per square inch 
internal prc.s.surc before each shipment, and must show no 
leakage under this te.st. ^ 

Clay or Earthenware Cmrboys.—\.i) Any clay or earthenware 
container of not.le.ss than 5 galls, (nominal capacity) shall be 
classed as a carboy. No clay or earthenware carboy shall have 
a (nominal) capacity 'f more than 13 galls. ^ 

(h) The material in the bottom and side walls of clay or 
earthenware carboys shall be as evenly disti ibutod as practicable, 
and the minimum thickre.ss shall be not less^than J in. The 
carboys shall be acid-proof. ^ 

(c) Tk^carbpy must b^ closed (^)by having an cartheawafL 
or i/lass stopper ir/serted jnto the mouth of tlw carboy, sealed 
in place by ctey, plaster of Paris, or similar material in a plastic 
condition, ^d securely fastened with burlap or other suitablef 
material drawn^ tight and securely tied under the lip pf the 
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mouth strong cord ; (If) by a glass or earthenware stopper 
with gasket, secured %y n^eCal fasten ipgs; (c) by a glass* or 
earthenware stopper groufid to fit, secured \fyr burlap or other 
suitable material ; (d) Ik the contents of the carboy are not 
corrosive, ty a cork i' othe/ simiiai closing device securely 
/astencd in -place to prevent leakage. 

(d) Kach car})oy must be carefully examined a?id tested 
to detect any weakness or d(^fect due to variation in thickness 
of material, or to other causes, and all such defective carboys 
must be rejected. v ^ 

Sections 15 to 20 give particulars of the material and 
method of construction of wooden boxes. s 

Cmhioning Support. — The cushioning suppoit^ for all 
carboys nvjst be such that the type of box, when containing 
the carboy filled with water to the lower edge of the neck and 
prop^rly packed and cushioned, must be able to withstand 
the following te.sts: — 

Tests of Complete Package. 

(a) By dropping on its bottom on to a concrete or brick 
floor from each of the heights of 6 in., 12 in., 18 in., 24 in., etc., 
in succession. I'.ach box must withstand the first three drops 
without serious injury, and in tasting not loss than three 
packages the average maximum drop withstood by at least two 
of them without breakage of the carboy must not be less than 
24 in. 

(d) By suspending as ^a 14-ft. , pendulum, and swinging 
against a concrete or brick wall with successive swings the 
vertical components of which are 6 in., 9 in., 12 in., 15 in., 18 in., 
etc. Each box must withstand the first four blows without 
serious injury, 'and in testing not less than three packages the 
average maxim^um swing withstood, by at least two of them 
without breakage of the carboy must be ? swing with a vertical 
component of nc/^ less than 1 5 jp. 

Mf no cushioning is required, then bbxed carboys shalt be tes^gd 
without it. ^ • o o 

Note . — For carboys cushioned with hay or similar material, thb space 
between the sides of the carboy and the box should be about 1^ in. 
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, Marking, 

23. The outside container must be marked : “ COMPLIES WITH 
I.C.C. Spec’n. >fb. 1,” or, i/ dcsirej, this marking may be 
indicated by a symbi-l consisting of a' pxtanglc, as follows i-— 


LCC-^i. 


The » letters and figures in this symbol must be at least 
fli. high. 

Shipping Container Specification No. 5a. 

Iron or Steel Barrels or Drums for Acids as pr scribed 
by I.C.C. Regulatiof^s. * ^ 

t 

Effective \st September 1918. 

’ * J 

1. Iron or steel barrels or drums manufactured hereafter 

and useef for the shipment of acids as prescribed by I.C.C. 
Regulations, must comply with the following specifications: — 

In the interpretation of ^he minimum thickness of metal 
allowed for any specified gauge, a variation, due to commercial 
conditions of manufacture, of not more than 2 \ per cent, below 
the specified standard will be considered satisfactory. In 
figuring this variation the standard United States gauge for 
.sheet and plate iron and steel mu.st be used as a basis; the 
weights per square foot based on the United States gauges 
are as follows : — • 

4 ‘ 3^5 1 ^’* square foot for No. 12 gauge. 

3-125 „ „ „ 14 » 

2*5 ,» » 16 „ 

• 

2 . It is recommended that, when nature of contents will 

permit, each such container should be coated on the inside 
and outside in such manner and with •such materials as will 
prevent corrosion. ^ ' * % 

w V 3. Ea'ch barrel or drum having bungs projecting froi?i the 
body .must be provided with rolling hoops and*may have them 
jn other cas^s. Rolling hoops must be of the type known as 
^.solid i-bac5 of not lesj> than approximately i| in. by } in. 
weighing apprc^imately 1-406 Jb. per foot, mill rolling vafriation 
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permissiWe; or the extra (J-shaped sheet, metal hoop of a: 
least two gauges heavier thai^ the steel, in the drum. Rolling 
hoops formed in the meta^ of the body of i;:h6 ^container are not 
aufhorisec^ r' 

4. An iron or steel*' barrej or drtim whfh a nominal capacity 
•of over 55 galls, but not over no galls, must be constructed of 
metal, the minimum thickness of which in any part of the 
completed barrel or drum must not be less than No. 12 gauge, 
United States standard. 

' 5. An iron or steel barrel or drum with a nominal capacfily 

of over 30 galls, but not over 55 galls, must be coi>struc' :d of 
metal, the minimum thickness of which in any part of thef^ 
completed barrel or drum must not be less than No. 14 gauge, 
United Stktes standard. 

6. An iron of steehbarrel or drum with a nominal capacity 

of le^s than 30 galls, must have a minimum thickness of metal in 
any part‘^*f the completed barrel or drum of not Ic.ss than No. 16 
gapge. United States .standard. • 

7. Each barrel or drum must be tested under water, or with 
all scams covered with .soapsuds or l^avy oil, by interior 
comprcs.scd air at a prc.ssurc of not less than 3oJb. per square 
inch sustained for not less than two minutes, and must stand 
this test without leaking. 

8. This type of barrel or drum must be capable of s'^anding 
without leaking a hydrostatic test pressure of not less than 
40 lb. per .square inch, sustained for not less than five minutes. 

9. When filled with water to 98 per cent, of its capacity, the 
type of barrel or drum musf also be (fapable of standing without 
leakage a test by dropping it diagonally on its chime from a 
height of 6 ft. upon a .solid concrete foundation. 

I, 0. Factory, te.sts of the type package to insure that the 
product complies with paragraphs 8 and 9 must be made at 
intervals of not more than three months. 

II. Provision must be made for cfjsing the bung-holes and 
other openings iri .such manneP as to prevent leakage. Bungs 

■^br ofiier closing devices projecting beyond the chime or rollv^g 
hoops must be' capable of with.standhig the .sam e test d^'op as 
prescribed by paragraph 9. Threaded metal plugs must be 
close fitting, and threads in the* reinforcements and cn the pkgs > 
must be cut at right angles to the faced surfaces thereof to 
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insure a miiform and solid bearing throughout the entire 
circumference of^ th^ gasket. Gaskets must l^e made of asbestos 
or other suitable icj resistant material. ^ 

12. The. method of manufi^cturing 4hc barrel or drurn'ajid 
the materials used nf^jst* 5 c vvcll^ ad^^ed to producing a 
unifo/m product. Leaks caused by defective manufacture of< 
a barrel oi drum must not be stopped by soUlering, but Inust 
be repaired by the method used in constructing the barrel or 
drum. , ® 

^13. The name or initials of the manufacturing company 
or ?jf idertifying mark, a copy of which shall be filed with 
<ihe Chief Inspector of the J-lurcau of l^'xplosives, 30 Vc.sey 
Street, New York, must be plainly and permanently nlhrked 
on each barrel or dram. ^ • 

14 . E acn barrel ayd drum must be pkinly and permanently 
marked with the words: “COMPLIES WITH I.C.C. Sl'ftc’N 
No. 5A,” or, i^" desired, this marking may be indicii?cd by a 
symbol a^ follows 


1.C.C.--5A. 


This symbol shall be understood to certify that the package 
complies with all the requirements of this specification. 

All letters and figures in this marking must be at least 
J in. high. 

Each such container of domc.stic^ manufacture shall also 
have plainly stamped themon the date of manufacture thereof. 

When offered, for shipment the package must also bear 
such other description as may be required by the I.C.C. regula- 
tions for the particula" article contained therein. 

• 

Transport of Sulphuric Acid in Boats. 

• 

Where the acid has to Ic^ carried on ‘canals, etc., J:he 
b^i;ges mf.y be j^rranged 5 .s tanks by lining them with loadT 

a^s shown , by Kuhlmapn, jttnr., in 1878,^ such boats, when 
used for this ipurpose, are subject to dangerous shiftipgs of the 
^rtfre of gpvity by the oscillpjtion of the acid ; this is over-* 

^"^Chem, P- 333* 
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come entirely by providing longitudinal^ partitions, leaving 
air spaces widenir^ out at '•.he top, ag shown in Fig. 145^. 

Vorster and Griineb^rg^ (Ger. P. ^4/48) proposed the 
following plan especiaMy with a view to sea carriage. Dry 
and "finefy divided hb^sclguhr (irrfusorial earth) is saturated 
•n with three- or four times its weight of strong sulphuric^ acid. 
The' product, which contains at least 75 per cent, of acid, 
retains its pulverent form, and can be transported by land or sea 
in lead-coated sheet-iron vessels, without any risk of breakage. 

‘ When it reaches its destinaVion, the mass is either ifsed 


>T 



Fig. 149. 


directly or diluted with water, and the acid is separated from 
the kieselguhr. ^ 

A similar idea, using vlay instaid of kieselguhr, has been 
propo.sed by Ripper t (B. P. 8752 of 1900). « 

White and Rickmann (B. P. 17905 of 1887), for a similar 
purpose, mix sulphuric acid with anhydrous sodium or 
magnesium sulohate, dissolving the salt in the acid by the 
action of heat, and allowing it 4.0 solidify on cooling. The salt 
frequently does not rinterfere with,. the use of the acid, but 
th9 idea is not a practicable 'one. 

Morris 2 (B. P. 837 of 1916) proposes sub-aqi\GOUs t^ks 
for the transport of corrosive liquids by wg.ter. The sub- 
aqueous tank consists of two shells or tanks . — one within 

^ Jaftt^esber,, 1883, p. 356. 

* J. Soc, Chem.*fnd., 1916, pt* 1243. . 
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the other, the inner one being eccentric with the outf r. The 
inner tank^ which carries the ♦cbrrosive liquid, is stayed 
suitably, or braced ^to the outer on^ so that it remains in 
a fixed position^ and the space bctveen the two shells is 
jqapable of being scale-^?, and may be fill ;#!, wholly oi^ partially, 
with water or air, to determine the dotation. The tank v/ill 
float in water, can be submerged, wholly or partially, as 
desired, by regulating the water ip, the outer casing. Details 
arc given of the construerfon of a tank 119 ft. 6 in. long 
by%i6 ft. beam by 13 ft. 6 ir. depth, having an inner shell, 
100 f| long by 8 ft, diameter, capable of holding 250 tons 
H2SO4. The tank is lead-lined, to avaiid contamination of 
the acid with iron • 

For sea transport wooden boxes lined with ilead arc 
usually employed. • 

According to VV.* G. MacKellar,^ the boxes are mad^ of 
lead, iV in. thick, weighing 5 lb. per .square foot, li ich box 
carries ^98 lb. of acid, and there is 7 per cent, clearance 
space allowed for any gas that might be given off after filling. 
All joints are welded autogenously by means of the air and 
hydrogen flame. A small filiing hole is cut out of the roofs 
of the boxes, and, after filling, the boxes are scaled finally 
,by welding, as before, a period of two days elapsing between 
4 he filling and the final scaling, .so as to allow of any gas 
generated to escape. The boxes arc designed so as to give 
the maximum amount of sulphuric acid that the .shipping 
companies will carry in one package', and arc much more 
economical than stonewart jars, a.s» there is always a good 
salvage value in .the lead. The boxes arc used for both 
arsenical and non-arscnical acid of 95 to 06 per cent. H.^SO^, 
but not for higher st^ rngths. ^ 

According to Morris,- some .shipping companies require 
that sulphuric acid mu.st •be carried in smal> gla.ss bottles 
(Winchesters), with gioimd gla.ss .stop|x:rs, and that these 
must be packed in wooden cases i'j sand or whiling in sufficiqpt 
quantity to absorb the acid,* which would leak out if a breal^ige 
occurred. Others require- tjiat ihe acid should i>c in earthen- 
ware jars, each of about 2-galL capacity, provided with screw 

t ^ /. Soc. Cher%, Ind, {T*ans.\ 1921, p. 139. 
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stoppers and india-rubber washers, and that one, two, three, 
or four of these ,.should packed jn a wooden case With 
whiting. Both these np.ethods are ver(/ •9pstly — the acid 
ccjptents m some case6 represe^fting only a small, fraction of 
the value of the pac^ige. ' 

•Wheeler^ describes t«he construction of charts for ascertain- 
ing Uie volume* of liquids contained in storage tank?s and tank 
wagons. c 

Storage of .r^ulphuric Acid. i> 

Vessels for .storing and carrying sulphuric acid all 
strengths are con.structed from wood lined with lead, oV 
from’ iron lined with lead; but the lead coating easily gets, 
loose in places^ »nd must be repaired regularly. 

Hoyt'-* has patented a lead compounf;! coating particularly 
adapted for the above-mentioned purposes, consisting of a 
thick u|;pcr layer of soft commercial lead, an^ a thpi lower 
layer of an alloy of 8o to 98 per cent, lead, with 20 to e 
per cent, antimony, which is welded on to the soft lead ; 
on rolling out, a plate is formed, the surface of which is soft 
and the bottom hard ; this compusition keeps ^s form better 
than ordinary .soft lead. 

Holden (H. l\ 3805 of 1877) proposes to construct aci^# 
tanks from wood, which has been warmed previously and soakeef 
in paraffin. The edges arc to be made tight by a .solution 
of gutta-percha in naphtha. 

Ernst describes in detail the coating of iron vessels with 
lead, copper, aluminium, nickel, c{c. ; also with india-rubber, 
paints, etc. 

Jordan ' (GeV. E. 280863 of 1st July 1913) coats vc.s.sels for 
thd transportation of acids made of glass, stoneware, etc., 
with three layers, united by fusion, the innermost layer 
consi.sting of a mixture of bftuminou.s and fibrous substances 
(jute, hair, etc-" ; the 'central one is 'an elastic mixture of wool, 
peat, etc., and the outer layer, bitumen strengthened with 
sand or gravel. * *' 

^ y. Soc. C/iem. I mi, {Review)^ 1920, p. 141. 

' The Brass Worlds June 1913. 

’ Chem. Apparatus^ 1916, p. 93 \ angew. Chei.u, 1916, p. 370. 

* J. Soc. Chem, Jnd,y 191 p. 704. 
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. Cement vessels ' coated with Trinid*|d asphalt mifetic have 
been found suitable for storing "^sulphuric ‘acid. Aftcr^ twelve 
months they showld no change, ^hilc all other materiais 
failed. o' ^ # 

Brookes ChemicakV, lAcf., and F.* 1 ^’doke -»(B. l\ 129709 of 
3rd December 1917) describe the construction of acid-resisting* 
tanks ancf conduits built of bricks, the outer layer of which is 
set in cement, followed b^ a layer of asphalt or bituminous 
material, and finally an inner la^^cr of bricks .set in and grouted 
wT^h molten sulphur. ^ 

Henz^- (Gcr. P. 321029 of 13th October 1917) de.scribes the 
^preparation of an acid-resisting material impervious to water. 
Pumice or other absorptive material is finely powdered*dried, 
mixed with cement, strongly heated, and theg unpreghated with 
paraffin. A tar product is then added, ^fter which the ma.ss is 
heated to promote intimate admixture of the ingredients, and 
cooled. / 

• Spccifcations and tests for bituminous acid-proof coatyigs 
for the acid-proofing of concrete surfaces are given in the Report 
by The Bituminous Materials and Cement Section, U.S. Bureau 
of Standard.s.* According toMie requirements of the condition.s, 
either bituminous paint, enamel, or mastic is used. 'Phe surface 
to be coated must be clean, dry, and free from dust, and a 
priming coat is applied alway.s. Ikiints arc made from bitumen 
or coal-tar pitch, thinned with .solvents, the priming material 
being thinner than the paint. Enamels are mixtures of bitumen 
of high melting-point thoroughly incorporated with 15 to 40 
percent. (T finely divided ^ilicious ffller; they contain .so much 
bitumen that they melt below 177" C., and are applied hot. 
Mastics arc mixtures of lead a.sphalt, ground with asbestos and 
finely powdered silicious filler; when ready for #p[)lication*, the 
mixture contains 15 per cent, of a.sphaltic binder, 20 per cent, of 
mineral filler, and 65 per ^cnt. v>f properly graefed coarse sand. 
Mastics are applied hot/ when the pruning foat of thinned 
asphalt has dried to a tacky condition. Several layers of ab^n^f 

0 0 • 

* En^. and M^n. World, tSth March 1914. 

* J. Soc, Che4^. Ind, {Abstr.\ 1919, p. 670. 

• ’ /. Soc. Chem. Ind, {Abstr.\ 1920, g. 659. 

o ^ Cfum. afld Met Eng.^ ^920, pp. 287-289 ; / Soc. Chem. Ind. {Abstr.\ 
1920, p. 664. 
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^ in. cac:h are poure/i on ^and spread out with a trowel, ai\d 
applied* one over another, so 'as to give a final thickness of at 
loast I in. % - 

^ ^.Marinc^ and Bower ^'(B. P. 130302 of 29th April > 1918) coat 
iron or steel elecfrolytMulIy (\v,ith lead, by' employing the cleaned 
'^artitle as cathode in admixture of solutions of ammonium 
tartrate and a scduble lead salt (/V., lead acetate), t6 which is 
added sufficient caustic soda to form a clear solution, and 
salicylic acid to the extent of about 5 per cent, of the v^ight of 
* lead saH.. • 

Chance cSi Hunt, Ltd., A. K. Holley, and 11 . 'W. Webb, 
Oldbury “ (B. i\ 110258 of 20th January 1917), de.scribe an acid# 
resi.sti^ig cement which is designed to set in two stages. The 
first set Occurs at jthe same .speed as the initial set of ordinary 
mortar, and enables ordinary building operations to be carried 
on at any desired speed. The .second set, which corresponds to 
the final 'hardening of ordinary mortar, gives a .^one-like acid- 
rc^.sting product when perfectly dry. q * • 

1 he cement is made by adding 0 5 to 5 per cent, of plaster 
of Paris to a silicious acid-resisting ceiVtcnt of the ordinary 
type. Suggested proportions are 

parts by weight groiiiul stonew.ire (passing No. 30 sieve). 

7 M >1 tine Leighton sand. 

- »j „ ground blue brick (f)assing No. 60 sieve) 

O' 1 2 „ „ plaster of Paris. 

3 » ground silic.ite solution 60 ' 'Pw. 

1 he dry' solids are first hni.xcd iifiimately together, and then 
the sodium silicate is incorporated, preferably^ in an edge 
runner mill. I he cement should be used within an hour of 
making, and t.hc finished work .should be heated to 100° for 
several days, uytil thoroughly dry. d'hc.se cements arc stated 
not to be affected by mineral acids over a wide range of 
temperature, nor by ^sulphur dioxitjc, l;rioxidc, nitrous gases, 
dijprine, or hydfogen \sulphid<i:^ The addition of 1*5 per cent, 
of Itad carbonate or basic lead carGonatc renders •fhe ceny?nt 
more quick-setving*^ (B. P. 119966 of P2th jdnuary 1918). 

^ Chem. hid. {Ah/r.\ 1918, p. 727. 

Soc^Chem. Irdl.y 1917, 1237. « 

3 /. Soc. Chem. hui.J^Ahfr.), 1918, p. 768. 
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. Baskerville*, describes the prepiratioii of lead-coated iron, 
employing antimony rs a binder. Mild steel sheets, after 
pickling in siilpiturk, acid, are washc^l, and then blackened by 
an antimoiiy chloride solution, washeo again, and,|While i,;till 
wet, dipped through zinc chloride flu:, ^nto molten antimony 
(l2 per cent.), then into molten lead, and fin;illy quenched in oil, 
A process for forming a binder on cast iro-n upon which 
pure lead can be cast and moulded, involving the use t^f hydro- 
flj^oric acid, is covered in the.application for U.S. T. 847323 of 1920. 

•y. //tii. and Ent!^. Chem.^ 1920, p. 153. 



CHAPTER X 


APPLICATIONS OF SULl^IURIC, ACID, AND STATISTICS 

f 

The principal applications of sulphuric acid are the following 
I. In a more or less dilute state (say from 144'Ww. down- 
wards^ : For making superphosphates, sulphate of ammoni» 
and other artificial manures. 

From ^ the statistics on fertilisers published by the Inter- 
national Institute of “Agriculture,^ it is .possible to calculate 
he pre-war consumption of sulphuric acid in the production of 
he abovl'-mentioned class of fertilisers as follo^vs : — 

C Metric Tous. * 

World production of sulphuric acid .... 5,000,000 
European production of sulphuric acid . ^ . 3,700,000 

World production of superphosphate: .... 7,500,000 
Corresponding world consumption of sulphuric acid . 3,000,000 
European production of superphosphate . ' . . 5,600,000 

Corresponding European consumption of sulphuric acid 2,240,000 
World production of sulphate of ammonia . . . 1,05.7,000 

Corresponding world consumption of sulphuric acid . 793)Ooo 

European production of sulphate of ammonia . . 941,000 

Corresponding European consumption of sulphuric acid 710,000 
Percentage of the world production ^f sulphuric acid 

used for superphosphate 60 per cent. 

Idem of the European consumption . . . 65 „ 

Idem of the world production used for sulphate of 

ammoni^ 16 „ 

Idem of the European production 19 jj 

t I, 

These figures show that three-quarters of the world pro- 
duction of sulfV-wric acid is complet^ily lost in the soil, 
•‘^further applications ^are : for making sulphate of soda 
(salt-cake) and hydrochloric ac^d, and therefore ulfima.tel3Pfor 
soda-ash, bleacking-powder, and inhumerable dther prodilcts; 

for preparing sulphurous, nitric, phosphoric, hydrofluoric, boric, 
^ 3 ee Monthly Bull, of International Revitw of the Science and Practite 
bf Agriculture, July-August I9aa ^ ^ ^ 
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carbonic, chromic, oxalic, tartaric, citric, acetic, and steanc acids ; ' 
for* preparing phosphorus, iodin bronfine, the sulphates of 
potassium, barijiin ^{blanc fixe), c^cium {pearl-hardening^\ 
especially also for precipitating Baryta or lime as sulphates for 
chemical processes ; s’dphales of magnr4ium, alumiflium, ifon, 
zinc, copper, mercury (as intermediate stage *for calomel and* 
corrosive f^ublimatc) ; in the metallurgy of copncr, cobalt, idckel, 
platinum, silver ; for cleaning (pickling) sheet-iron to be tinned 
or galvanised ; for cleaning ctipper, silver, etc. ; for manufacturing 
potassium bichromate ; for woiking galvanic cells, such as are 
used ^ in telegraphy, in electroplating, accumulators, etc.; for 
.manufacturing ordinary ether and the composite ethers ; for 
making or purifying many organic colouring-matters, especially 
in the oxidising mixture of potassium bichromate anck sulphuric 
acid ; for parchment paper ; for purifying ma'tiy mineral oils, 
and sometimes coal-gas ; for manufacturing starch, syrup, •and 
sugar; for the saccharification of corn; for ncutral'sing the 
alkaline reaction of fermenting liquors, such as molasses ; for 
effervescent drinks, mineral waters; for preparing taliow 
previous to melting it ; for recovering the fatty acids from 
soap-suds; for destroying vegetable fibres in mixed fabrics; 
for artificial silk ; generally, in dyeing, calico-printing, soap, 
.glycerine, and vegetable oils, tanning, glue, gelatine, size, 
•rubber refining, sewage. As a weed-killer and as a chemical 
reagent in innumerable cases ; in medicine against lead- 
poisoning, in drugs, fine chemicals, and in many other cases. 

2. In a Concentrated State. — For manufacturing the fatty 
acids by distillation ; purifying colzw. oil ; for purifying benzene, 
petroleum, parafiTiy oil, and other mineral oils; for drying air, 
especially for laboratory purposes, but also for drying gases for 
manufacturing proces ‘S (for this, weaker acid aj^so, of 140'' Tw., 
can be used) ; for the production of ice by the rapid evaporation 
of water in a vacuum; for^efining gold and silver, desilvering 
copper, etc. ; for making organic-sulphonia acids ; manufacturing 
indigo ; preparing many nitre -compounds afifi nitric eth^, 
especially !g manufacturing nitro-glyccrinc, nitrocellulose, nttro- • 
benzene, T.N.T,, pcric rcid, and .so forth. • 

3. As Nordhausen Fuming Oil of Vitriol {^Anhydride). — For 
nfanufacturigg certain organic-suljihonic ac-'ds (in the manufacture 
of alizarine, cosine, ind'go, etc.) ; jor dyes and intermediates and 
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'explosives; for purifying ozpkerite; for making shoe-blacking; 
for revivifying the^ s^ent acHs used in tlie inanufacture • of 
explosives (T.N.T., nitroc^lulose, etc.), and /of pther purposes. 

According to the Qepartmer^fal Committee on Sulphuric 
Ac^d and ^^ertiliser T<r^des^ 1919/ ^hc estimated approximate 
•pre-Avar consumption of acid of the more important trades 
was jfs follows r 


i 

V 

Tf*IH 100 [MT Cflllt. 
Ac.i<l per annum. 

Kqui valent 
Chamber /,cld. 

Superphosphuies 

Sulphate of anunonia .... 
Blcachinj.^ powiler, hydro( liloric acid, 
atikali, and alum 

Iron pickling 

Fecovei^' grease pi textile trades 
Copper sulphate ‘. . , . 

Dyeing and bleaching . . . . 

Dyes 

Oil refining 

F.xplosixes 

3CX),ooo 

280,000 

i8f),ooo 

70.000 

20.000 

25.000 
25,oai- 

very 

20.000 

30.000 

4^0,000 ^ 

420.000 *’ 

279.000 

105.000 

30.000 

37.000 

37.000 

small 

30.000 
\ 45 . 09 P 

Total 

i 

95 b, 000 

1,433,000 


The comparison of pre-war ancf post-war positkms as regards 
productive capacity (100 per cent, acid |jer a'luuim) shows ; — 


I’rk-War. j PoaT-WAR. 
Tuns ToiiSf. 

Oleum 22,000 450,000 

Chamber ...... 1,040,000 1,265,000 

1,062,000 1,715,000 

« f 


ix.y a surplus of 653,000 tons, of which the Government plants 
produce 315,000 tons. 

The following is a list of acid factories owned or leased by 
H.M. Government, with their output of 100 per cent, acid per 
annum: — « 


A. Oleum PJants Erected t^ury.ict the War. 

* I ^ Tons ix>r annum. 

" Jt.M. Factory, Avonmouth, 10 Grilles -; . . . ,89,200 

‘j"""’’'''"’' 


* J . Soc . Chem . Ind . (/C^z/wr), 1918, p. '118 ; 1919, p. 90. 
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R. N. Cordite Factory, Poole, 2 Tentelcw 
H.M Factory, Oldbury, 2 Mannheiit.s . t. 

„ „ pembroy, 6 Tentelew . 

S. Metropblitadi Co., i (irlllo . • 


H. Plants ! .eased by II.M. 


8,900 
4,500 
20,700 
8,900 • 



('iovennnent. 


ToitH. 


I| M. Factory, West Gorton . . 

Da’ton Main Ciollierics . 

. P 

i'otal acid under Government management 


6,200 
5,20 ) 

314,600 


A very valuable paper dealinj^ with the development of 
the sulphuric acid industry (ipr 5-1918) hfisn been contributed 
by H. J. Hailey to tlie Society .of Chemical Industry,’ froin^vhich 
we abstract the following information : — 


Summary of Production and Utilisation of Sufhurk Akid 
in terms of too per cent. 



• 

( 191 .U 

iimt. 

11 ) 17 . 

1918 . 

, 

Production I'y conlai t phnil — 

Tons. 

Tons. 

TultH. 

Tntis. 

Cjo\ ;rmTienl tac t(,rics . 

(...) 

42,177 

138,859 

112,178 

'rrade 


63,496 

82,227 

54,465 

Total 

( 33 . 445 ) 

105,673 

221,086 

166,643 

Imiwrls .... 

► , ^ 
( 36332 ) 

5,716 

1,790 


Production in cl'*iu)ber-acid 
pUinl 

(1,050,000) 

I, 2 oS ,275 

1,160,789 

964,158 

Total available 

(». 114.777) 

1.319,604 

1,3^3,665 

1,130,801 

(Quantity of chamLc? acid 
used to manufacture con- 
centrated acid (10 jMjr cent, 
loss allowed in |)iocess) 

1123,500) 

» 

371,710 

^75.517 

204,814 

Conceniraled-acid production 
(from chami>er-acid plant) 

• Used .as follows ; — 

[ (ill. 150) 

j (36,150) 

334,540 

• 

337,965 

• ® 

i« 4.333 

For extilosivcs 


, 238,540 

274,6.89 

n ^4 

-i. Fot' trad? 

(75,000) 

j ' 76,000 

63,276 



54,219 


* A sbarp (iiv§ion (■xi;loHiv«rs and trado la ,‘xtn-irn‘ly (lifllcult to but th« figure* 

reu are aulwtantlally correct. _ * 

ft • 

' /. Soc. Chan. Ind. {RQjicw)^ 1921, pp. 246-252. 
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. Sulphur Pyrites, 



r ( 

' 

11 U 4 . 

1916 . 

,, 1916 . 

1917 . 

1918 . 


f 

^ons. 

Tpns. 

Tons. 

Tons 

Tons. 

r 

Shipments tc^United King- 
dom 

731,000 

‘ ‘ > 

I,008,0p0^ 

969,000 

F 

(^ 2<^,000 

809,090 

« 

Home - mined, • inefuding 
coal^ brasses 

(f',000) 

(6,000) 

(6,000) 

7,000 

2I^000 


Consumption for j^cid- 
manufacture 

(800,000) 

(800,000) 

(922,000) 

(871,000) 

744.000 


Stock in United Kingdom, 
31st December (in acid- 
works and stores) 

(150,000) 

(250,099) 

(200,000) 

333.000 

436,000 

# 


The consumption of pyrites represents about six-sevDifths 
, of the sulphur material required by the sulphuric acid industry.* 
Prior to the war it was imported in a form containing i to 3 
per cent. oV copper.* , 

The burnt residues from pyrites, knovui as “purple ore,” 
were passed on to copper extraction works, and the resultant 
product i\=ndered suitable for use in blast fuKiaccs (“Blue 
BiHv“). ^ 

The production and use of cinders for 1917-1918 are given 
below 



1917 . „ 

n 

1918 . 

■j ■ 

Pyrites cinders produced — 

Cujirous 

Non-cuprous 

Tuiih. 

{ 609,000 

, Tons, 

386.000 • 

1 30.000 

Total 

609,000 

516,000 

Pyrites cinders deliverctj for use in 
blast furnaces — , 

From copi>er-extraclion plants — 

Briquettes 

“Blue Billy” 

4 

208.000 ♦ 

272.000 

208.000 

21 1.000 

Non-cuproub^ pyrites cinders delivered 
direct to irof works 

480,000 

45,000 

il 

Total to iron works • ‘ • 

,,525.^0 

485,000 

Stocks of pyrin's cinders at acid-makers' 
works on 3is( Deceml>er — ' ' 

Cuprous 

Non-cuprous . . • r • i 

153.000 

99,000 

1 ' 

1 30.00 j 

104.000 ■ 

Total 

252,000 

274,000 


Theabov* figures do not include qu.mlKies delivej;ed under contrjjt to sinteriUg* 
plants, as, these were not in ojicration. 
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The production and consumption" of spent oxide (1914-1919), 

are given belovf in tons : — • * ^ 



» • 

1014 . 

1915 . •. 

191 ( 1 . 

i 

ll 

.M 917 . 

1918 . 

1919 . . 

(Jau.-May ^ 

5 monthaV 

• ^ 

Received at works . 
Consuraptidii . 

Stock 31st Dee. 

Tohh. 

103.000 1 

105.000 i 
31,000 ! 

i 

Tons. 

1 10,000 
11 1,000 
30,000 

• 

1 19,200 
127,000 

1 22,200 

Tomk. 

145,600 
119,900 
47, <400 

'ftillS. 

107, 9<X) 
106,100 
49,700 

Tuna. 

48,013 
45 i -92 
50,986 
(31st May) 


Sulphur . — A certain amount of sulphur is produ^v J by 
the - Chance-Claus recovery plant, but .U used for industrial 


purposes other than acid manufacture. 

The following table shows the approximate quantflics of 
sulphur imported and used : • • , • 


• 

1914 . 

1916 . 

191 ( 1 . 

1917 . 

itlis. 

• 

Tons. 

Tuiib. 

Tons. 

Tons. 

Tons. 

Governiiici.t 

Nil 

5,700 

34,200 

52,600 

67,^ 

34.^ 

Used for acid manufm lure 

(3,600) 

(4,000) 

(0,400) 

44,900 

Stock.'?, 31st Dcc,,in(Iovei-n- 

(1,000) 

6,000 

29, OCX) 

26,000 

51,000 

ment .stores and at aoiJ 1 
works 

• 






Sulphuric Acid ft'om Chamber Acid Plant. 

In March 1917 the chamber-acid plant com[)riscd 169 
separate works, owned by 130 different firms, and the 
approximate number of chambers^ in use, or under con- 
struction or repair, was *081 ; thore were 353 Glover towers, 
and 425 Gay Ijussac towers. The chamber space per lb. of 
sulphur consumed per twenty-four hours averaged 16 5 cub. ft. 
In ?/Iarch 1917, w^'.c-n the chamber- acid plant reached its 
highest production, the output obtained du^ring that month 
represented an annual prc^luct'on of 1,307,000 tons. 

The production of concentrated .sulphuric acid was 334,000 
toms in 1916, and 338,000 toiis in 1917. -inuring February 
19^17, tht*output reached approxiir?ately 9000 tons per 
which represjntsi an aiinpal output of 460,009 tons. 

Th*e chiaf indu.stric.s in which sulphuric acid was consumed 
*dyring'- 191,6-1918, and the ftr.st five months of ^1^919, arb 
enumerated on next* page. 
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Sulphuric ^cid^from Chamber- Plant in^tertns of 
' ' icx) percent. H2SO4. 

S/immary of Uses. 



itno. 

I'JIT. 

1918 . 

i 

19 ’ 9 

(6 months). 


'fljim. 

Tons. 

Tons. 

Tons. 

Explosives .... 

352,131 

^'337,76$ 

152,193 

5,712 

Dyes 

i 7 , 73 (‘ 

9,688 

9,143 

5,2070 

Accifrmnliiiors .... 

2,690 

3,145 

3,075 

822 

Alum 

24,854 

24,406 

26,184 1 

11.213 

lEchromates .... 

«,433 

5,710 

5,316 

1,863 

lileachiiiij powder . 

70,413 

50,302 

50,694 

10,471 > 

Cop[)crtand copper picklin^^ 

3,360 

2,702 

1,339 

380 

Cop))cr sulphate 

21,705 

27,032 

30,424 

9,540 

Drugs and Ifac clieiuicals . 

3,098 

4,479 

4,225 

1,308 

General cliemiials .' 

9,203 

9.217 

9,624 

3,734 

Chemical waifare 

Hydrochloric acid . 

39 

1,122 r 

1,678 

93 

71,872 

53,510 

52,227 

28 840 
2^96 

26,105 

lion pickling .... 
Metal trade!| other than copper 
and iron 

54,523 

28,864 

25,406 

3,615 

3,263 

• 1,318 

MiCeral waters. 

2,421 

490 

391 

1,884 

Oil-rcliniug .... 

23,690 

17,022 

14,840 

7,238 

1,346 

fkiiuts and antimony colours . 

4,08 1 

3,667, 

3,684 

Sewage 

442 , 

307 

723 

1,613 

Soap and glycerin . 

2,608 1 

1 ■ 4,060 

3,57 '>o 

i,go6 

Sugar-rclining. 

925 

1,051 

1,067 

517 

Sul[)hatc o( ammonia 

253,340 

230,145 

231,092 

116,144 

Sulphates of magnesia and zinc 

8,347 

9,235 

8,339 

2,783 « 

Suljihites and phosjihates . 

10,717 

I 1,00<J 

12', 504 

. 5,015 

Sundries 

6,639 

5,561 : 

6,006 

2,677 

Superphosphates and com|)ound 
manures 

169,730 

212,209 

270,597 

144,747 

Tar . . . 

13,704 

14,946 

13,897 

3.683 

Textile industries 

23,211 

15,987 

13,323 

13,484 

Total . 

1,163,533 

1,086,894 

957,381 

406,229 


'• Fuming Acid or Oleum. 

The production and main uscs^- are set out below, the 
figures given for consumption by trad’e bjing mainly of oleum 
used in the p^'Qductibn of flyes, line chemicals, and oil 
. refiling. . - ^ 

It should be .noted that in the followjng ta»Vle,^the quantities 
given arc inclusive of feed acid used, and therefore do not 
represent the acid made on co^itact plant from ra^ materi§l^ 
only. 
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Okum (20 per ceni, free^ SQ^), 


• • 

\ _ 

• 

• 

• 

11)18. 

..... .• 

t 

1919 

(.lau. to* 
May iDCl.). 

# 

- ^ % 

Pnxiiiclion .... 

Tons. 

183.000 

e • 

307,000 

•'I’olis. 

288,000 

I'oll.**. • 

7>5oo 

Iinjxicts 

5,3(X) 

1,500 


... 

Total . 

188,500 - 

3( >8,500 

288,000 

7,500 

ConsuniMtion — 

• For explosive.s 

• 

i7t),oj^ 

352,cxx) 

27d,5(X) 


„ trade .... 

(),Soo 

1 J .000 

18,000 

• J^,000* 

,, «po'. . , . 

'rotal 



1,000 


1.88,500 

3()3,ooo 

295,500 

1 2,000 

Storks oil 3i.a Deceinljcr 

I l ,< XX) 

i(),5oo 

; 

<1,000 

• 4.SOO 



•1 

'.ji- . 

(3ibi Mify) 


* No Hi'paral;^ available. • 


Before 1^/15 it i.s estimated that the jdant capacity for 
* 20 per cent, oleum was about 25,000 to 30,000 tons per ann^m ; 
whereas on 3i.st December 1918 the output capacity was 
450,000 tons per aifiium of .which approximately 300,000 ton.s 
was reprcsenlcd by Government plant. 

The hgurcs given on p. 364 repre.scnt the average 
consumption ^of sulphuric acid at all explosives manu- 
facturers’ works, including Government factories. It will be 
seen that there was a general [progress towards increased 
efficiency. 

The Alkali Inspector^ Report^ gfve the following number 
T 5 f registered sulphuric acid factories in lOngland and Ireland. 
(No. I refers to lead chamber works; No. 2 refers to works 
concentrating acid 01 working by the contact proces.s.) 


1910. 

1011. 

10111. 

1013. 


loir*. 

1010. 


' loi.s. 

1019. 

1020. 

1 


1. 

11. 

1. 


1. 

2. 


2. 

1. 

• 


1. 

• 

91 

1. 


i>. 

2. 


2. 



IW 

A 

00 

140 

• 

•• 

fell 

14*; 

1 

,14<> 

' 1 

1 _ i 

IK) 

1.00 

• • 

03 

*. 

112 

. 

141 

^ 1 

130 

147 

i;{7 

hi; 

138 

140 

• 

llG 


• 


f 
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APPI4|^70NS of SULPHURfc ACID— STATIStICS M& 

. • SM/s//cs relating to the U.^.A. 

Bulletin 1841 of, the U.S. BurcHii of Mines contains^ a 
comprehensive account of tUe manufacture of sulphuric acid 
iTr*^he United States ^rortiVhich \)^e'ouij)te freely. All 

figures in metric tons.) The prodiicfion in tftc United States* 
increased "‘gradually and steadily between 1 ^ 6 ^ and 1890, as 


shown by the following figures 

rroductltiii as 

Year. 

60' U. Aoid 

(02"18 j)er cent. HaSO^.’ 

IS65 

60, OCX) tons 

1870 

105,000 „ 

•1875 

1 50,000 „ 

1880 

425,000 „ 

1885 

. 6(x:fo<jo „ 

[ 890 . • . 

. • 765,000 „ 


In ^ the prfiod 1890-1905 many new plants wer^^ put into 
• operation/ so that by 1900 the production was approximately 

1.600.000 tons, and by 1905 was considerably over 2,000*000 
tons annually. Th(i production increased rapidly during the 
next four or five years, •jmd by 1909 had increa.sed to 

2.750.000 tons. Beginning with the year 1911, the U.S. 
Geological Survey compiled production statistics, llic figure.s 
are gi ven bcl5w : — 


Year. 

Total IToductiun 
iiH fMj JJ. Acid. 

Total Value In 
Dollars. 

1911 

^?7oo,ooo tons 

f 7 . 3 t> 9.872 

IQIA 

2,950,000 „ 

18,338,019 

1913 

3 . 575.000 „ 

22,684,526 

1914 

3,800,000 

2^,479.927 

1915 

4,170,000 „ 

32,6^7,051 

igi6 1 

6, 300,0c 0 „ 

73 . 5 “ 4 ,i 26 

1917 

7,200,000 „ 

87440,181 

1918 

^,450,000 „ 

(c)t 


* From the eicords of the War Inciij^lriea Uoard. 
t Not dokrimncd. . • • * 


Ingalls 1 egtinrated Ihgt of*the approximat(ily 1,600,000 tons 
of acid 50° 43. (62-18 per cent. HjSOJ made in 1^00, 800,000 
*tQns, or nejirly 50 per cent, wae used in- fertilisers, ai^ ^20.00(5. 

* l^intral Indultry^ 1906, p. 705. 
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or 20 pe^, cent was used inooil refining, the, remaining 480, oop 
tons being used fon pickling steel and for manufacturing other 
acjd and chemical products. By 1914 the prdduction was more 
than 3,500,000 tons, and 0 ^ this an>6unt approximately 2,200,000 
ton? was u^ed for fcrtilijcfi^ No c'xact /data is available 
the ‘disposition of the remainder, but it is estimated that, the 
petroltum industries required about 500,000 tons;**the iron, 
steel, and coke industries, akout 300,000; domestic explosives 
about 200,000; and other chemicjfi industries, 300,000 tons. 
Durwig;, 1915, 1916, and 1917, iitany new plants were built by 
private concerns, principally those engaged in the menufaf^toire 
of munitions. The production rose rapidly, as shown by the© 
table ^iven above. As the increased demand was primarily 
for high-strength ^cid, many of the new plants were for the 
manufacture of acid in the contact process. The increase in 
the f^roduction of 66"' B. (93*18 per cent H.,S04). or higher 
strength j\^id, is given below. 


Year. 

1913 * 



Tons (t)6* B.)^ 
( 03-18 per CMJiit. HiySO^.) 

810,000 

1914 . 



720,000 

1915 . 



1,160,000 

c • 



1,930,000 

1917 . 



2,100,000 

1918 . 



2,4oo',ooo 


The total manufacturing capacity on nth November 1918 
was estimated at 501,000 tons per week (basis 100 per cent. 
H2SO4), or 9,000,000 ton^ per y 'ar (basis 50° B.). Thf . 
Government acid plants comprised 55,000 to^s (basis lOO per 
cent. H2SO4) of this capacity ; the plant of the explosives 
manufacturers comprised 58,000 tons, and the remaining 388,000 
tons was the caf^acity of the plants owned by the commercial 
manufacturers o*f fertilisers, chemicals, and metallurgical by- 
products. Of the total capacity, 40 ^)er cent, was at contact 
acijl plants, and 60 per cent. aV oharnber plants. 

‘ Tlie distribution of the ' factories is described bydhe^nse of 
a map, tables, ind list of the individual wbrkr, the greater 
number being in the Eastern and South-Eastern States. The^ 
proporti^*'. in which the various industries were .using aokl^, 
during-the summer of 1918 is shown on next p^e. 
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• • 

Arid H8wl i(? 

^ § 

• 

Iudu«tf>. 

Tuiih per Ponth 

TUniH Year 

r«rceiit*K« of 
total Acid used. 

(100 per cent. 

{iiH '.0“ H ). 

• 

• • 

» $ 


• 


* 

• 


H5:j-l''xijlosives (iniliiary and , 

’ utCmcslic) * 

• 140,000 • 

2,700,000 

^ « 

• 36-0 • 

a. FVliliserp .... 

11 1,000 

2,1 50.000 

28.4 • 

3. Oil refinenies .... 

35,000 

(>71,000 

- s-s 

4. Chcmirali;, drill's, and am- 

3«<5oo 

740,000 

9.9 

monii'.in sulphate 




5. Steel picklinij and galvanisin|; 

• 36,500 

700,000 

9-3 

% Fabric^, lex tiles, etc. 

88 

1 00,(X>0 

1-3 

7. Paints, lithopone ijlue, etc. 

104,000 


J?; .Metallur.'^c il iirtKlucts, im liul- 

15,200 

292,000 

3-9 

storage batteries 




^9. Miscellaneous. 

3,Hoo 

73.000 

I-O 





Total 

* . .. . . 

3<)o,Soo 

7,510,000 

• • 

^ lOO-O 


This tabic ^shovvs (eliminating the acid used for munitions 
and cKplosiNOji, and allowing 10,000 tons per month for 
domestic explosives) an indicated requirement for norfial 
peace industries of [)ossibly 260,000 tons per month (basis 
100 per cent. or ^about 5,000,000 tons per year 

(50^ B.). 

Prior to the war, the consumption of acid for Jertilisers 
Vas about 2,po,ooo tons of 50' P. (62-18 per cent. I 
Up to June 1919, the consumption for this purpo.se was 
2,500,000 tons, or more than 50 per cent, of the total 
production. 

Sulphur-beading Material used in the Manufacture 
of Sulphuric Acid. 

• 

During the early years of the sulphuric aci^l indu.stry, brim- 
stone was practically th<? only sulphur-bearing raw material 
used. In 1 882, 85 pei^ent. of the acid wati made from brimstone, 
and in 1895 ^ibout 75 per cent. PTom thift^irne on pyr^es 
beg^n^t(f»be gsed more and more^ resulting by 1900 i if the * 
almost ^compl(^e €liminJrtii>n of brimstone for «id manufacture, 
except in ^cial cases. The production of acicL as a by- 
product in i:he .smelting; of zincnorcs began in i895,«ii4^a plant 
at La Salle, ^Illinois, asid the pr^ijtice has become almost gene^^l 



' in the ] 4 ?t twenty, years atithe zinc plants*. i„ ,the m„ois field 
In igo;, the prattid of manufacturing add from the H 
^ases of a copper blastofurnace was inaijgjpeted, followed by 
the use of pyrrhotitc^hi' igoS./ln 1914 the acid, production 
of' the c6nntry was r.o^thined frofn» tije following sour^%- 
approximately the follotving amounts .* — , 


0 

Tons of 60 ° B. 
Acid. 

Percentage of 
Total. 

From brimstone (approx.) .... 
From pyrites— 

(rt) Spanish pyrites .... 

Domestic pyrites “ coal brasses ” and 
pyrrhotite 

{c) Ginadian pyrites .... 
From roasting zinc ores .... 
^From waste gases at copper smellers . 

100,000 

1,900,000 

600.000 

300.000 

500.000 

40* ,000 

2-6 , 

500 

15*8 

7'9 

13-2 

10-5 

tr' Total 

3,800,000 '1 

lOO-O^. 


( 


During the rapid expansion of the at id industry between 
1915 and ipitS, many of the new plants were built to utilise 
brimstone alone. In 1917 the use of brimstone was 
augmented still further by the partial curtailment of the im-^* 
portation of Spanish pyrites; brimstone being subotituted 
for pyrites at many plants, and used also to supplement the 
production from plants making acid from zinc ores. In 1917 
the acid was produced from the following raw materials, 
approximately as below : — ■* 


• d 

Tons of 60 ’ B. 

' Acid. 

Percentage of 
Total. 

From brimstone 

From pyrites — 

(«) ijpanish |3vrilcs 

Domestic pyrites “coal brasses ” .^nd 
, pyrrhotite 

(f) Canadian pyrites .... 
From roasting JHic ores . . . 

From waste gases at copper smellers. 

2.350.000 

1.650.000 

850.000 

500.000 ' 

1 a,3oo,oolr 

550.000 

32-6 

22'9 

II-8 

6.9 - 

, l8-i 

ct 77 

‘ Total . . 

7,200,000 

^ 100-0 ^ 

1 
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A furaer curtailment^ of Spai^sh imports took place in 
ipfJS, and the prochiction of acid^was o1|tai|ped apprdScimately 
as follows : — * 




• 

• - 

TAh ofw B. 

P«rc<*nUKii of ^ 

‘ • • 

.. .iL.' 

’ V‘"- 

u 

•oUl. • 




from brjipstone 

P'rom pyntes— 

3,580,000 

• 

48-0 , 

(rt) Spanish pyrites • • • # 

(d) Domestic j)yriles “ coal hawses ’’ and 
• pyrrhoiiie 

570,000 

7.G 

<>50,000 

127 

(t) Canadian pyrites . . . 

550,000 

7 - 5 . 

From roasting zinc ores .... 

l, 2 OO, 0 <X> 

1 ()• 1 

•P^om wiftle gases at copj>er smelters . 

()00,000 

8-1 

• Total 

7,450,000 

1 00-0 • 


The folfowing fibres show the quantity of pyrites required 
to operate all plants in the \jnited States equipped with 
pyrites, burner?' : — # 



FinoH. 

Lump or F 

irna,!f, Hlzp.^ 

Zoiio. 

• 



_ 

• 

liOMg Toim. • 

r«rc,!iitago of 
Total Flntw. 

IjODg I'ons. 

J’('rL(»jjtRge of 
Total Lump. 

^ I (Atlantic Seaboard) . 

290,000 

60-4 

135,000 

* 37'5 

2 1 t • 

53.'-)00 

10-9 

f»3,ooo 

i8-o 

3 f . . . 

27,000 

5-5 

l<j,o<x> 

5-2 

4 .... 

57,000 

12-0 

1 38,000 

37-8 

5 and C . . . 

53,000 

IJ-2 

5,000 

1-5 

Total . 

480,0^^ 

1^0 * 

360,000 

1000 


The importation of Spanish pyrites ink) the United States 
is given approximately, as follows: — , 


TotH. 


Prior to 1890 , • . . . 

. 20,000 f«ir annum 

1890-1900 . • . • . 

. 300,000 „ 

1900-1910. .t ^ 

. f 00,000 » „ 

1910-1914 . . • . ^ . 

^ 900,000 „ 

. ... 

. 1,200,000 „ 

I9II . • . • • . 

■ 750,000 • „ 

1^8 

. 270,000 „ . 


* bulletin 184, p. 39. 

* • 
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From statistics compiled by the U.S. Geological Survey, 
the proSuction pyrites the United States has been ks 
follows : — . c 



—I 

Cons. 

^ Your. 

Tons. 

. 

\ ' ' 



1911 

299,904 

1915 

394.124 1 

423, S'/’ 

1912 , 

350,928 

1916 

1913 

341.338 

1917 

462,662 

I 1914 

336,062 ‘ 

ujicS 

t ' 

4f>4.494 

^ Ji ' 


Canadian Pyrites . — Prior to 1910, the production of pyrites 
in Canada was less than 50,000 long tons per year, of which 
approj^imately 30,000 tons was shipped into the United State.^ 

LONG (DNS 



The production has increased,- from < 80,000 tons in 1912 to 
about 300,000 tons in 1917. In 1917 the impor,ty into the 
United States „were about 180,000 t;ons, apd in 1918 were 
nearly 225,000 tons. The sulphur content of >he Canadian 
ores during the past few years, has been low — averaging about 
37 pej cent. 



stXti^ics regarding sulphur ores 3fP 

• . • . * 

Pyrites from Coal {Qoal Bre^^ses ). — The possible yearly* 

production •of *pyrites containing 40 pfcr i^fent. sulphyr fit^m 
coal mines of Eastern States, *s estimated at i,5CK),000 
tons. • - ^ 

Smith' gives the graph on p. ^70 sjiowing the«procluttion 
of suiphur from 1880 to 1918. > • • 

Canada. — According to. the Einal Report of the Nitrogen 
Products Committee of the Ministry of Munitions, 1920, p. i lO, 
the productions, imports,;,:j«ul exports of sulphuric acid (r<>i2- 
T9 1 9) were as follows ! — ^ • 

j Slictrt Tons of 2000 11). I 



» It is clear, that the production of munitions of Canada has 
led to a substantial expansion of the sulphuric acid iiulu.stry. 

According to a paper on the Ili.story of Sulphuric Acid 
Production jn Canada presented to the Toronto Section of 
the Society of Chemical Jndu.strj:, 2*6th November 1920, by 
Bowman and^A. Ncigliorn,- the first sulphuric acid plant 
was built in Canada soon after the di.scovery of petroleum in 
1868, by the Canadian Chemical Manufacturing Co. In 1887 
the factory was burned down and rebuilt with three lead 
chambers, 120 x 20 x i8«ft. The .second Canadian plant was 
built in 1870 at the -Oncario Chemical, Works, followed by a 
plant of four chambers at Brock^ille, Oiftario.* • 

The .V^chols Chemicah Co. builti.a large plant at Cap!«ft)n, . 
Quebec, about ’1^87, a^d^ in 1895 the Victoria Chemical Co. 
established plant at Victoria, British Columbia, which is 

» * Mineral Resources of U.S.A.^ iyi8. Part II. -ro 
^ ^/. Soc, Citem . I ml. 1921, p. 230. 



872 APPLICATIONS OF SULPHURIC ACID-SfATISTICS 

A 

I 

•still in esjistence. In 1907 ®he chamber system of the Nichols 
Chemical Co., CapV^tofi, Quefeec, was replaced *by ‘the contact 
system, and other plants were established^, hy the same 
Company at Sulphide, OiCtario, ift 1907, and Barnpt, British 
Colombia, tin 1909. JThcs^ are thQ oj)ly contact plants 
^Canada at the present tK:ie. "" 

In*i9ii the Qraselli Chemical Co. erected a chamber plant 
at Hamilton, Ontario, which concentrates the acid to 93 per 
cent, by the cascade system. In 1912 the Algom^^ Steel 
Oorpori^tion of Sault St Mari\, Ontario, erected a Balding 
high chamber plant, which is still operating. Additional pl^ts 
have been built in 1915-1918 (for particulars see original paJ^er).^^ 


Germany. 


j Year. 

Rulplmric Acid. 

I inportalioii. 

ExiKjrtatlcA ^ 


Tons. 

Tons. 

1912 

98.573 

« 75.962 

1913 

130,256 

j 

64,9681 


Year. 

100 i«?r cent. 
Acid produced. 

Pyrites 

burned. 

Blende 

burned. 

Other Oms, Spent 
Oxide, Sulphur and 
Hydrogen Sulphide. 


Tons. 

d 

TCis. 

Tons. 

Tons. 

1911 

1,500,230 

916,265 

479.329 

104,583 ^ 

1912 

1,649,981 

981.556 i 

554.750 

79,892 


YtlUr « 

Cinders obt..ined. 

, >0 
From Pyrites, , 
Lead Ores, oto. 

From Blende. ^ 

' 

Tons. 

I 

Tonrf. 

V I9II 

750,202 

403, 405^ 

P'’ 1913 

809,785 

470.347 ' 




STATISTICS m 

Nu fftier^ of Sulphuric A cid ^Factories in Gertn^ny, 


Year. 

^ •Wi. 

Load Chamber. * Contact Works. 

Works employing 
both rnicGSHof. 


II2 

* . • 7 

• • 

17 

1912, 

109 

83' *]' 8 

• < 

i 


^ In the year 1913, eighteen new sulphuric acid faciories 
were erected for su][)huric aeffi, and one for anhydride. -• * 

According to the Z. (irty^civ. Chan., iitli July 1919/ 
prior to 1914 copper pyrites and zinc blende were by far the 
most important sources of sulphur for the manufa?:ture of^ 
sulphuric acid. In 1912, 262,700 metric tcyi.^ of cojiper pyrites 
was produced in (Jermany, and 1,073, €35 tons was imported, 
84 per cent, of which came from Spain, and the remainder 
from^rortugtd, Turkey, Norway, and France. In. the year,* 

982.000 tjis of copper pyrites (109,000 from Germany), 550,000 
tons of zinc blende (410,000 from Germany), 44,500 ^tons 
of sulphur conlairing copper and lead ores, and 35,500 of 
material from the purificafion of coal-gas, were used in the 
production of 1,^50,000 tons of 100 j)er cent. Ih.SO^, and 

470.000 tons of zinc oxide was obtained among other products 
from the above amount of sulphuric acid. 

In 1913, Germany imported 46,63610118 of sulphur, 85 per 
cent, of which came from Italy. 

Prior to 1915, the .supply of .siilphuric acid in Germany • 
y'as derived almost cxy^siveiy*' from the sulphur contained 
in imported p)^ites, but some was obtained from the ga.ses 
evolved in the roasting of zinc and lead or^s.^ When foreign ^ 
supplies were cut off, deposits of pyrites •at Me.s.seil and 
elsewhere were reopened; spent oxide was utilised more 
efficiently and u.se was ?nade of .substances like kieserit^ and 
gypsum. The pre-Var consumption^* of elementary sulphur 
was about 45,000 tons per anftum. Deposil.s^of native sujphur 
ir, Gerftftny ;ire scarce and of luV grade (10 per cent.)? 
redugng g)4pstm UP -calcium sulphide, *id burning the 

I ' J, Soc, hhem. Ind. {Review\ 1219, p. 352. * t 

* * Z, anfhv. Chem.y 2n(i March 1920 ; /. Soc. Chem. lnd.^A^i^ew\ 1920, 
P-134. 
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’hydrogen^ sulphide obtained to water and, sulphjir, 30 tons 
per day. was obtaifed ‘in 19171-191? at Berneburg. f 
^ The wages per hour paSd in the Germai; Ciit^mlcal Industry 
are given as follows ^ ^ ^ / o 



According to the Z. angcw. Chem., 6th October 1920/^ the 
number of^/egistered chemical plants in Germany ^luringa 1919, 
and the total number of employees, and the percental decrease 
in tnc number of full-time workers compared with 1918, were 


as follows : — 



I'laiit.s. 

Hcilin . . • . 

2,518 

Breslau .... 

1.235 

Hamburir .... 

2,043 

Cologne .... 

, 2,562 

Leipzig .... 

2,64.8 

Mannheim .... 

1,325 

Frankfort, A. M. . 

1,081 

NurnhRM'g .... 

1,648 

Totals 

15,060 


Kiiijtloyt't's. 

l-'ull-tinu! Worknrs. 
Ib-tirtiasn IVrt'PiiiftK''- 
) , 

68,393 

7'3i 

26,377 

20-84 

72,850 

27.89 

121,537 

31*85 

..-‘'25,559 

12-04 

^ 50,615 

I2-8o ^ 

51,198 ' 

2-70 

27,623 

13-35 

1 544,161 

Average i6-I0 


In 1918 the»e .were 15,204 plants, fnd the decrease of 1-95 
,pcr*^ent. in 1919 is ascribed rnainiy to the loss .of Alsace 
Lorraine. The ^tablc following** gives .statistics covering the 
period 191^-1919. ’ , 

* Cheltfrffe. 1 .^ 27lh Janu.'iry 1920 ; J. Soc. Chem. Ind. {Review% 1920, p. 1^3.* 

AHtr.J. Soc. Chem. I mi. {Retne 7 i>^^\() 20 y p. 3^. . y 
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•Year. 

VUntit. 

\ •• 

• 

No. of Fiill-tlnio 
Workeati. 

■I 

Wages 

(in marks).*' » 

• 

Average f early Wage 
of Full-time Worker 
(In marks). 

I 9»3 

h .. 1914 
iV '5 

1916 

1917 < 
^ 1918 

1919 

» 15,042 

» 4 , 9 I 4 

14.993 
► 15.129 
15.204 

1 5,060 

* # 

277,629. 

245,<^0 
' 219,646 
256,420 

334.851 

360,256 

294,766 

1.120,206 

3t 3.508, 108 
29^,21^,251 
3^.5,783,261 
652,877,501 
889,141,025 
1,064,782,786 

• 

1,266 

#1.274 '• 

. • b 344 

1,493 ‘ 

.1,950 

2,468 

3,612 


r ^ • 

The Report of the Ikitish Mission appointed to visft enemy 

chc' deal works in occupied zone gives the following figures’ 


Output of Sulphuric Acid iu Metric Tons per Duy. 



nn i* • 

* 

# 

HUH. 

Leverkusen*. 

340 

470 

Ilbchst .... 

224 

2 So 

Ludwigshafen 

275 

4-0 

Y.‘cilcr-ter-meer . 

. . 4S 

60 


Upper Silesia.-,’ According to J. Soc. Chcui. hid. {Kcviciv)^ 
1921, p. 257, •in 1913 Upi'C? Silesia produced 255,5^9 tons of 
acid of 50' B. (106' Tw.), 01*97 per cent, of the total (iennan 
production, and 3137 tons of anhydrous liquid sulphSr dioxide. 
In the first six months of 1919 and 1920, the outputs were 
52,887 tons and 87,960 tons respectively. 

Austria-Hungary. — In 1902 four works had introduced the 
contact process in Austria, and tf^ |)roduction was about 
tons (.strength nf^’.4dven).- In Hungary in 1909, there 
were nine works •f)roducing 240,000 tons of O.V. per annum. 


Ytuir. 


lnij»ijrlation. 

• Kxijortatii.n. 


• 

'I'ollH. 

• 'J'oUH. 

1912 

Ordinnr}^ siilj liuiic acid 
I'liming O.V. 

• 

36,501 

1 6,066 
150 

• 

i‘i'3 

Onliniiry sulpburu. ;ulil 
• I'lmiing O.V. 

• • t * 

24,886 

• 36 

14,805 

97 

i. 


• * Chem. and Met. Enp, September 1919 ; ./ Soc. Cl wt, •bid, {Review), 

, I?*9, p. 398T • ^ 

Z. angefi^ Chem., 1^3, p. 215., ; 
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* Pranop.— According to ind., igii^ ». 416, the 

consumption of pyVitel and production of acid, calculated 
from the former^ on the basis of 45 tons=i 6 <s^ tons sulphuric 
acid, has been:— , ' r • 


1 Yfiar. 

Pyrftefl ^ 
coiisurnod. 

Sulpburic> cld 
manufactured. 

Year. 

/ 

Pyrites 

consumed. 



Sulphuric Aftsld 
ronufactured. 

^ ^ ^ 

e 

Tons. 

397.000 

461.000 
ft* 423,000 

408.000 

426.000 

Toils. 

883.000 
1,024,000 

940.000 

907.000 

947.000 

190., 

; 1906 

1907 

1908 

1909 

Tons. 

518.000 

589.000 

615.000 

592.000 

508.000 

Tons. 

1.15.0. 000 

1.308.000 ' 

1.366.000 

1.317.000, ^ 

1.130.000 


According to,. C/iem. Ind., 1912, p. 78, France in 1911 
manufactured 1,350,000 tons sulphuric ^cid (i 13-1 16'’ Tw.) 
in seventy-three acid works, mostly from pyrites ; only 30,000 
tons was n?,ade from zinc blende, and only two works burned 
brimstone. 

Most of the factories worked the lead chamber process ; 
but the Societe St Gobain, partly by the contact process of the 
Badische, and the Maletra and Kuhlmann Companies, by the 
Grille Schroder process. 

According to census taken on ist June 1920,^ there were in ■ 
operation 98 out of 127 chemical plants (/>., 77 per cent'.), and 
the resumption of work was increasing steadily, especially in 
the Nord Department, which suffered most during the war. 

According to Schweiz" the annual output of sulphuric acid 
was increased from the prd^war &'^'arc of i million tons 
2 million tons. 

Belgium. — The production of sulphuric acid in 1911 was 
about 3CX),ooo t:)ns, calculated as acid of Co°B. (i42‘'Tw.). 
There were in tha^ year twenty-six factories working with lead 
chambers of about 400,000 cubic metre contents. 

According to L Ind: Chirn., December 1920,''^ the supplies of 
sulphuric acid fre" very short, 'the production in the Gand 
district being at the rate of /jfo, 000 tons per annum, as compared 
with the pre-war output of 125,000 ton.s. '' 

^ ' J, Soc, Cnem, Ind. {Review), 1920, p. 272, 

^ loth September 1919 ; J, Soc, Chem, Ind, {Review), p. 397. ' 

* /. Soc. Chem. Ind. {Review), 1921.’. p. 108, ' V 
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t 

, Accordkig^to Chm. Tradi j., 2nd July 1921, Jhe follow- 
figures ve abstracted from a Report o! the U.S. Bureau of 
'Commerce:^ • ^ 

Metr'c 'nms. Metric ^ous. 

Sulphuric aciA . , 6oo,^;xx^ ^ 400yfxx) 

Accoiding to U.S. Com. Re/>., 2 nd July ip2i,^ although the 
Mines et Fonderics de Zinc de la Vicillc Montague — the 
largest zinc company in iEurope— produced only 10,000 tons 
^of sulphuric acid in 1920, as/compared with 100,009 toys m 
1013, the production of sulphuric acid throughout Belgium was 
sat.sfactory. The Societe do la Nouvelle Montague produced 
19,223 tons of sulphuric acid. • 

Italy. — According to Z. angciv. CJicm.y 20th Jung 1919," the 
productico of sulphur (in metric tons) i;; as follows : — 


Ynar 

Crude. 

Utdlnud. 

Gruiiiid. 

1910 

430,360 

169,093 

171.570 

1914 

337.«43 

149,100 

i 65 , 3(>2 

1915 

35^.107 

I i 6 , 35 .S 

140,414 

1916 

269,374 . 

50,900 

I 2 , 2 oO 

I 9 if 

211, m 

7 i. 5«5 

44.320 


According to “ Economista,” the production in 1919 was 
37,750 long tons less than in 1918. 

According to Molinari,^ prior to 1915 Italy produced about 

318.000 tons of sulphuric acid, about 80 per cent, of which 
was used in the manu^cture of shperphosphates, and only 
about 18,000 toils for cxpR%ives. In 1916 Italy consumed over 

160.000 tons for explosives. 

In Germany, the pyrites used is utilised cfTiciently (the 
cinders containing not more than o-8 to i per cent, sulphur), 
and the leaden chambers#produce up to 10 kftqs per cubic metre 
of space per twenty^four hours; whereas in Italian works the 
cinders contain 3 to 4^ per cgit. sulphur, atid* the output does 
not reaqjg more than 4 to 5 kilos p<y cubic metre. 

v ■ , • 

*/. Soc. Ckgii.tffid. {I\m^i4w), 1521, p. 294. 

* f. Soc. ofiem. Ind. {Review), 1919, p. 293. 

^ J. Soc, Chem. Ind. {Review\ ig2o, p. 275. 

* * Annad de Chimica Applicata^ 1917, pp. 13-14; /• KMem. Ind.^ 
1917, p. 107/.. 
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• Switz^land.— According^’ to ( 7 /^v/. Zet/., 20tl^. February 
1918,^ i^ooo tons oi sulphuric «acid imported pi^Ior to 191*5. 
large factory is beings erected at Basel. , X 
According to C/ie 7 fi.^ liid., Jupe 1910/ the imports and 
fexpoUs of fulphuric add, h? metric tons, were:— *- 

c , , V * ^ 

'c 1918. 1919. • 

' Imports, . . . 5660-5 2276-8 ® 

Exports .... Nil 84-1 


Russia. — Suler'* makes the ^ following statements (5n the® 
annittil production of sulphuric acid in Russia, the unit being 
acid of 54*' B. = 120'' Tw. ^ 

By the U.shkoff Works, 20,000 tons; by the Tenteiew • 
Works, 24,000 tons; in twenty-five other works, 112,000 tons. 
There wa.sr hardly any importation from abroad. The raw 
material was mostly Silician sulphur formprly, but now it is 
pyrites, which is got partly in Russia (Ural, Caucasus, Donetz), 
but mostly ,Lm ported from Spain, Portugal, Sweden', and No|-way. 
Most of the sulphuric acid is consumed in the lijfku district < 
for purifying crude petroleum and lubricating oils. 

In 1908,^ Russia produced 163,800 tonstordinary, and 4500 
tons fuming sulphuric acid, corre.sp3nding to aiv incrca.se of 
66 [ler cent, within the last ten yeans. According to Chem. 
Trade /., 1911, p. 230, there arc sixty to sixty-five sulphuric i 
acid works, including tho.se where it is only 'a by-pi\Dduct 
(petroleum refineries, colour works, etc.). The annual produc- 
tion is about 200,000 tons. According to Chem, Trade /., 1914, 

P- 353. the production of sulphuric acid (strength not given) 
in 1911 was nearly 230,000 'ton. s, importation 2735 tovm ^ 

In 19 1 2 the production was 256,000 ton.s. ICight factories worked 
with contact procc.ss ; four of thc.se used the Tenteiew system. 

According too Chem. I mi., 2Qth June 1921,^ the production 
of .sulphuric acid in Soviet Russia has been as follows : — 


Iiitondod Produfitiou. 
Tons. 

Seven Factories ‘ . 24,037 < 


AcUial Production. 
Metric Toiim. 




Percentage. 

63-6 


‘ J. Sac. Qum. Ind. {Review), 1918. p\ 178. ^ 

^ J. Soc. Chem. Ind. {Review), 1920, p. 297. * 

^ Vern. V. Intern. Kong.f. angew. Chem., 1905, 1, 747. 
«►* 6 I.cm. Zeit., 1909, p. 765. „ 

« /. Soc, Chem. Ind. {Review^ •921, p. 314. , v 
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* Iloiwnan|la.~ According to ChXt. Ind., 28th July J920,' the* 
tv/cr. sulphufcc acid factori^ ha^e a tcftal tapit^l of ;t8o,ooo ; 
they emplo^ t* npximum of I2(f men, and their annual 
^roductioa is valued at £'^ 2 fioo. • ^ 

Ppland. — According to /. Socycjtemi. Ind {Rt'ficw), ^921, 
p. 298, there arc ten sulphuric aci« factorics^in J^oland.’ As' 
the cost of production of sulphuric acid in» Upper Sjlesia as 
a by-product of the zinc smcltiftj^ industry was much lower 
4han that made in Poland ftom^)yritcs, much acid was imported 
from Silesia. • * * 

Norway. — According to Z. {ifi<^c7v. CItcin., 3 ist October 1919,“ 
the output of iron pyrites in 1915 was about 530,cx)p tons; 
in 1916 it was from 2 CX), 0 CX) to 300,000 tons, at which figure 
it has remained since. * • * 

According to ^he US. Jdoui. l\vp., 20th April ^921,^ 
the export.s of pyrites, ores, etc., were 316,531 metric tons in 
1920, «s coiT^pared with 460,436 tons in 191 3. • 


Sweden. — In 1911, 126,810 tons of sulphuric acid, calculated 
as 50"" 1?. (106" Tw^, was produced in nine factories, one of 
which makes J*uming sulj 3 hurtc acid. 

Denmark. — A -.cording to the Z. Chou., 2nd January 

1920,^ the wages paid in on (100 ore = i.s. U.d.^f per hour 
to sulphuric rg:id workers was 46 6 in 1914, and i iS-p in A[)ril 
to June 1919. 

Spain. — According to the U.S. Cout. Rep., 15th April 19*21,'^ 
the production of sulphuric acid in ^1920 was 73,379 metric 
tovs. • ^ ® 

Turkey.— Aarording to the U.S. Com. Rep., 28th October 
1919,^’ the manufacture of Ik^SO^ in d urkey, even as a by- 
product, does not pay. • 


India.—/. Roc. Chejft. Ind, {Reviezv)^ J 9 * 9 » P- 
Abstracted from the industrial Handbook ’of the Indian 
Munitions Board, 1019.^ 

Ind. {Revtevi), 1920, p. 422. 

Soc. Cl^ni. {Review), 1920, p^;. 

J. Soc. Chem. Ind. {Review), 1921, p. 282. 

* J. Soc. Chem. Ind.^Review), 1920, p. 133. 

^ J. Soc. Ckem. Ind, {Review), 1921, p. 351. 

J. Soc.* Chem. ImL ^Review), 1920, p. 66. 
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I . ” C iO 

In (%fault of iron pyrites, an expensive [ high-grade 
sulphuric acid is ii^ad(* from fiilici^.n or Japanese/feulphur,- but 
a, cheaper acid js likely"' to be manufacfui'ed 4 rom sulphur 
dioxide obtained in the,roksting of Burmese zinc concentrates. 

* Progress irt sulphuric ^cid* manufactfUre ,ts shown by the ^apid* 
*fall In the arhodnts of im^'rted acid, which stood at 3196 tons, 
worth ';^36,664 ii> 1913- 19 14, and at 21 tons, wortff £97^^ in 
1917-1918 ; whilst the amounl; of imported sulphur rose steadily 
during the same period from^ 63I7 tons, worth ;^3c:,894 t(^ 
tj7^^ tons worth 11,790. 

Dutch East Indies. — According to /. Soc. Ciiem. ktd, 
{Revieiu)^ 1921, p. 222, the imports during 1919 includecPthe^ 
following : — 


Sulphur . 

M«tric Tons. 

3293 

VaUio. 

L . 

43.9'0 


Sulphur Pyrites 

9i6>o 

48,180 


Sulphuric Acid — 
Commercial. 

9M 

17 , 4 ^ 

• 

Refined 

38 

1,210 



South Africa. — Owing to its connccticn with the manu- 
facture of explosives, the sulphurii acid industry is one of 
the most highly developed in the union.^'" The five firms 
engaged in it produce about 53,000 tons of sulphur trioxidei 
a year, most of which they consume themselves, .so tiiat in 
the, year 1916-1917 only 2964 tons of sulphuric acid was 
available for disposal. 

The manufiicture of. ammonium sulphate requires about 
2500 tons of commercial acid ye^^dy, and the cyanide process, 
for gold, about 1800 tons of arsenic free acid. ‘Minor quantities 
are used for making saiperphosphates, splitting fats, etc. 

Messrs Kyiioch, Ltd., adverti.se a chemically pure acid, 
which conforms to the .standard of the Briti.sh Pharmacopoeia. 

According to S.A. J. hid., Noveinber 1920,“ the imports of 
sulphur in 1913 and 19IC7 were as follows: — 

1 1918 . 1917 . 

Sulphur— long tons . , . 2,672 , *^99 , 1 

Pyrites e, „ • . L '21,903 v ^18,465 

Sulphuric Acid — lb. . . . 291,976 r,7,425 

- S.T;. Vnd.y February 1919 ; J. Soc. Ckem Ind. (Review), 1919, p. 

/. Soc. Chem. Ind. (Review), 192?^/ p. ii. " \ 



Five factories ‘produce sulphif-ic acid for their ‘own use, 
and for trifee* when supplies of pyritejj ai>d railwaf facilities 
are’availabll^ Jhe present demaii^ for pyrites amounts to 
1650 tons per month ; shortly it ma^ be 35CX) tons. • 

i Deposits of native si^lpbur are ^'iiown to occur ii^ the^ 
Unic.i, but none coukPbe worked profit.fbly. JJailway facijitici^ 
are needed for the development of flic massive pyrites deposits 
occurring in the Areachap Copper Minc^. Diss«minated 
pyrites is plentiful in the ^old-bearing rocks and in the coal 
^ines. It is estimated that/diiring the next year cokiiig 
plants wiy supply about 450 tons pyrites per month.* i’yritic 
aL>'ferous concentrates derived from the sandstone reef, 
afforded a monthly supply of 400 tons pyrites in 1^19, and* 
it is thought that supplies from this source can be incrca.sed 
to 10CX1 tons. ^ * * 

According to ^he CIS. Com. Rep., I2th March •1921/ 
only 7*1 tons of sulphuric acid was imported in 1919. ^ 

Austria. — According to the Final Report of the Nitrogen 
Products Committee, Ministry of Munitions, 1920 (p. J08), 
considerable quantities of sulphuric acid are manufactured 
in Australia. • • 

China. — According to Z. atigcw. C/V;;/., 2nd July 1920,*-^ 

the three sulphuric acid factories which China possesses are not 
sufficient further daily requirements of IL^S04» estimated to 
amount to about 1000 lb., and siqiplies are imported from Japan. 

Japan — The Sulphuric Acid Industry. — The developjiien*t 
of the sulphuric acid industry has made great progress during 
the last decade.^ Whereas in I9tp tlfc production was less than * 
long, tons, in 1915 it r(%e to 219,543 tons, and in 1918 to 
566,607 ton.s. The production in 1919 is estimated at over 
580,357 tons. In 1915 and 1916 the exports increased very 
greatly (1915, 5913 tons; 1916, 11,165 Fins) largely owing to 
the demand from Russia ; since then they H^iye receded, and in 
1919 only 2390 tons^ene shipped abroad. The chief countries 
which derive supplies from Jai:|^n are Ofiina,J)^tch India, Straits 
Settlements, and Hong^Kong. Fgypt imported a. little»acid 

from Japan ifi 1917 and 19118. • 

• § ^ • • 

* /. Soc. 9 hem. Ind, {Review), 1921, p. 179. • 

^ Soc^Chem. Ind. {Review), ifzo, p. 307. ' 0 ^ * 

» Chem. I^., 6th October 1920 ^ Soc. Chem. Ind. {Review), 15^20, p.^357. 



trreat' progress was macfe by the /apanese suJphuric acid 
industry fluring thp \^r, and at its ’dose in i?)i^there were 
thirty-eight factories, repr^en ting a totai capifaJ^;f8, 544,162 
(yen = 2s. o|d.) ^and emp|pying 3113 workmen. The output 
from^ 1914 to 1918 was 'as.' follows* : 


% 

Si Long Tons. 


1914 . ( . 

211,118-3 

309,439 

1915 . 

. » 219,654-8 

484,375 

1916 . 

348,8*0-7 

1,117,021 

1917 , 

^46,776-0 

1,520,584 

1918 . 

569,830-6 

2,003, >6^ 


n 

In 11918 the production consisted of 120,38/ tons of 
chamber acid, 26,741-3 tons acid of 160° Tw., 16,688 tons of 
164'’ Tw., and 40,816 tons acid of 168^ Tw. The raw materials 
used in that year included: Pyrites 327,008 tons (25,535 tons 
zinc blende), nitre 5177 tons, and coal 33,271 tonr. The home 
consumptidii of the acid amounted to 499,900 toH^ of Which , 
9809 tons was used for making Glauber’s salt, 500 tons for 
soda ash, 14,800 tons for caustic soda, 72,800 tons for ammonium 
sulphate, 270400 tons for superphesphate, 5900 tjms for nitric 
acid, 5300 tons for sodium sulphide, and . 120,400 tons for 
petroleum' refining, dyestuffs, and celluloid. Values and ^ 
quantities of the exports during the period 1^14-191;^ are 
given below : — 



liong Tons. 

£ 

1914 . 

• - 2,015-9 

' 4,455 

1915 . 

- ” 7,^4 

51,698 

1916 . 

14,886-3 

.'56,315 

1917 . 

4,136-4 

51,866 

1918 . 

3 ) 489-3 

42,170 

1919 . . 

* 3 »' 53-3 

44,908 


In 1919 China took 33 5 per cent of the exports of sulphuric 
acid; Dutch Ea^t .Indie's, 25-9 per ceij^t ; Straits Settlements, 
16-5 per cent ; ' Hong Kong,. 1 1-9 per cent ; Philippinqp, 5*9 per 
cent; Manchuria, 3^-5 per coat; Sjhcria, ^ 0-9 per cent.; 
and Siam, 0-3 per cent At present the demand is very 
limited, and output has to be^ reduced; China, which toqH^ 
over 4T64 '^ons in 1920, is the only, market remaining 

*• ‘9 ' 
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unchanged.. The ‘price of the add varies from p 2^ to 6 sei\ 
•p^r lb. offacpd Of io6 ‘to i68°Tw., pr slightly <hore than 
double theVre-^ar price *(scn = 0^45 d. at* par, now about 
0*31 id). * • . ^ • • 

; , The cTiief deposits of^^iilf)hur in Jflpan occur 01^ the ^^land^ 
of I^okkaido, those the Islaiicl^ of Honcip and Kyi^shyii 
being les| extensive. The output Cf sulphur diminished con- 
siderably in 1918; the total pmduction ftr that year was 
64,711 tons, valued at 2,5^^2,425 yen, repcc.senting a decrease of 
■45 -2 per cent, in weight, and /|6-9 per cent, in value, compared 
with 

'Recording to C/iem. and Met. Eng., 1920, p. 1162, the 
following table gives some idea of the sulphuric acid industry* 
in Japan: — 


Year. 1 

Pnxltictioii in lbs. 

# 

V<!n. 

rP ) l2 

218,460,500 

# 

2,1 18,960 

1913 ; 

413,613,100 

.3,328,950 

1914 

472,905,000 

3,004,220 

1915 

492,026,600 

4,702,660 

1916 ’ 

‘ 7 «i, 42 S, 52 o 

10,844,860 

19*7 

^41,039,160 

8,91^X30 

1918 • 

1,269,200,000 

14,250,000 

1919 

1,300,000,000 (estimated) 



Fuming sulphuric acid is manufactured in Ja])an by. ihh 
Tentelew process at the Tokyo Sulphuric Acid Co., and at the 
Government Arsenal. ^ • 

Argentine. — Accor(ling% to Chcni. Zeit., 1913, p. 713, 
Argentine poss*es.ses only one sulphuric acid works, which 
produces 1500 tons [)er annum. The importation of sulphuric 
acid in 1911 was 1612 ton.s. * 

According to U.S. ^'om. Rep., 2nd h^jyember and 2nd 
December 1920,'-^ tjirea firms manufacture sulphuric acid 
(53 to 66'’ B = 1 16 to 168° Tw.), using sulyhi^r from Italy (by 
prefereiife), Chile, ai^l United^ Statc.s. ClKunically pure 
siiipkuric* and hydrochloric * acids are* produced, but only 
comnrercial Hitfic acief * * 

* J. Soc. Chem. Ind. {Review), 1919, p. 329^ 

* J. Sqf.^Chem. Ind. {Review), 1921, p. 36. 
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Brazil# — According to / ^oc, Chem. Iffd, {Revtm), 1919, 
p. 444, th» imports of sulphuric acid iAto Bratzil ki ^ns were 
follows ^ ' 


Germany 

1918. 

Toiw. 

^ 470 

' 1916. 

Toiia? 

Bellfiunr* 

• 31 

... 

U.S.A 

I 

12C' 

cFrance . 

10 


United Kingdovn . 

. I2I 

II 

Holland 

I 5 I 



Uruguay. — According to Board of Trade /, 3rd June 
.alawwjs passed in 1918 authorising the Executive to borrow® 
100,000 pesos (peso = 4s. 2d.) for the establishment of a sulphuric • 
acid factor^ at Moi>te Video. A site and building have been 
acquired, and the necessary plant has bcei; installed. 

^ Chile. — According to Chem, Ind.^ 1913, p. 403, Qhile possesses 

one factory'^at Coquimbo in Guyacan, which in 19 ii produced 
2 19^ tons 11^504. 


World’s Consumption and Production. 

The vVorld’s consumption of sulphuric acid in 1910 is 
estimated by Caspari- in tons (strength no^ giveq, but 
presumably 100 per cent. H.2SO4). 



Fur Bupi'r- 

For other 

Total. 


];'’' 08 pbato 8 . 

€ 1 . 

rurpoBos. 

Great Britain .... 

350,000 

650,000 

1,000,000 

1,380,000 

Germany 

530,000 

850,000 

U.S.A. . . , . . 

1,120,000 

650,000 

480,000 

1 ,600,000 

F rance 

250,000 

900,000 

Italy 

320,000 

80,000 

400,000 

Austria . . • . 

87.000 ' 

213,000 

300,000 

Belgium 

155,000 - 

, 95,000 

250,000 

Russia . . . • * • 

35)000 

115,000 

150,000 

Japan . . ‘ . 

j . 

# 1 

r 

80,000 

4 

0 


6,060,000' 


^ J, Soc. Chem, Ind. (^^eview\ 1920, p. 258. 
' * Chem, Trade 1914, p. 234. 
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staY^tic^ 

Duisberg^ estimates ^the world’s production foi* 1910 at. 
5 million tfcs,* calculated ^ H2§04. « • 

The worlk’s^pyriteS production i» estimated in mcfric tons 


as follows,^ : — 

• 

• • 

• 

Norway ^ 

• • • 

• . • * 

475 ,oo<f 

• Spain . 


3,oflb,ooo 

• Portugal 


600,000 ' 

U.S.A. . 


•350,000 

France . 



300,000 

* * Italy . 

• 0 , 

250,000 

Germany 


220,000 

S • Canada 


140,000 

^ Greece . 


120,000 

* Hungary 


100,000 

• 

Total . 

• 

5,555,000^ 


* Z, angew. Chem.y 1912, p. 6. * * 

2 Mining fQth May 1920 ; /. Soc. Chem. Ind. {Review)^ 1920, p. 292. » 
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